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lase activity, and are useful 1n the treatment of, for example,
cancers:

(D)

Y Ll_Xl_[CHz]E@[Limer]—CONHOH.

2 Claims, No Drawings

R
R14<

N

H



US 8,636,032 B2

1
ENZYME INHIBITORS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 11/918,139, filed Oct. 10, 2007, now U.S. Pat.
No. 7,939,666, which application 1s a US §371 National
Phase Application of PCT International Application Serial
No. PCT/GB2006/001605, filed May 4, 2006, which appli-
cation claims priority to GB Patent Application Serial No.
0509223 4, filed May 5, 2005, all of which applications are
incorporated by reference herein 1n their entirety.

This invention relates to compounds which nhibit mem-
bers of the histone deacetylase family of enzymes and to their
use 1n the treatment of cell proliferative diseases, including
cancers, polyglutamine diseases, for example Huntingdon
disease, neurodegenerative diseases for example Alzheimer
disease, autoimmune disease for example rheumatoid arthri-
t1s and organ transplant rejection, diabetes, haematological
disorders, inflammatory disease, cardiovascular disease, ath-
erosclerosis, and the inflammatory sequelae of infection.

BACKGROUND TO THE INVENTION

In eukaryotic cells DNA 1s packaged with histones, to form
chromatin. Approximately 150 base pairs of DNA are
wrapped twice around an octamer of histones (two each of
histones 2A, 2B, 3 and 4) to form a nucleosome, the basic unit
of chromatin. The ordered structure of chromatin needs to be
modified 1mn order to allow transcription of the associated
genes. Transcriptional regulation 1s key to differentiation,
proliferation and apoptosis, and 1s, therefore, tightly con-
trolled. Control of the changes in chromatin structure (and
hence of transcription) 1s mediated by covalent modifications
to histones, most notably of the N-terminal tails. Covalent
modifications (for example methylation, acetylation, phos-
phorylation and ubiquitination) of the side chains of amino
acids are enzymatically mediated (A review of the covalent
modifications of histones and their role 1n transcriptional
regulation can be found 1n Berger S L. 2001 Oncogene 20,
3007-3013; See Grunstein, M 1997 Nature 389, 349-352;
Wolfle A P 1996 Science 272, 371-372; and Wade P A et al
1997 Trends Biochem Sci1 22, 128-132 for reviews of histone
acetylation and transcription).

Acetylation of histones 1s associated with areas of chroma-
tin that are transcriptionally active, whereas nucleosomes
with low acetylation levels are, typically, transcriptionally
silent. The acetylation status of histones 1s controlled by two
enzyme classes of opposing activities; histone acetyltrans-
terases (HAT's) and histone deacetylases (HDACSs). In trans-
formed cells 1t 1s believed that mnappropriate expression of
HDACs results 1n silencing of tumour suppressor genes (For
a review ol the potential roles of HDACSs 1n tumorigenesis see
Gray S G and Teh B T 2001 Curr Mol Med 1, 401-429).
Inhibitors of HDAC enzymes have been described in the
literature and shown to 1nduce transcriptional reactivation of
certain genes resulting 1n the inhibition of cancer cell prolit-
eration, induction of apoptosis and inhibition of tumour
growth 1n animals (For review see Kelly, W K et al 2002
Expert Opin Investig Drugs 11, 1695-1713). Such findings
suggest that HDAC inhibitors have therapeutic potential 1n

the treatment of proliferative diseases such as cancer
(Kramer, O H et al 2001 Trends Endocrinol 12, 294-300,

Vigushin D M and Coombes R C 2002 Anticancer Drugs 13,
1-13).

In addition, others have proposed that aberrant HDAC
activity or histone acetylation 1s implicated 1n the following
diseases and disorders; polyglutamine disease, for example

Huntingdon disease (Hughes R E 2002 Curr Biol 12, R141-
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R143; McCampbell A et al 2001 Proc Soc Natl Acad Sci1 98,
15179-15184; Hockly E et al 2003 Proc Soc Natl Acad Sci
100, 2041-2046), other neurodegenerative diseases, for
example Alzheimer disease (Hempen B and Brion J P 1996, ]
Neuropathol Exp Neurol 55, 964-972), autoimmune disease
and organ transplant rejection (Skov S et al 2003 Blood 101,
14 30-1438; Mishra N et al 2003 J Clin Invest 111, 539-552),
diabetes (Mosley A L and Ozcan S 2003 ] Biol Chem 278,
19660-19666) and diabetic complications, infection (includ-
ing protozoal infection (Darkin-Rattray, S J et al 1996 Proc
Soc Natl Acad Sci1 93, 13143-13147)) and haematological
disorders including thalassemia (Witt O et al 2003 Blood 101,
2001-2007). The observations contained in these manuscripts
suggest that HDAC 1nhibition should have therapeutic benefit
in these, and other related, diseases

Many types of HDAC mhibitor compounds have been sug-
gested, and several such compounds are currently being
evaluated clinically, for the treatment of cancers. For
example, the following patent publications disclose such
compounds:

U.S. Pat. No. 5,369,108 U.S. Pat. No. WO 01/70675
and WO 01/18171 4,254,220

WO 01/38322 WO 02/30879 WO 02/26703
WO 02/069947 WO 02/26696 WO 03/082288
WO 02/22577 WO 03/075929 WO 03/076395
WO 03/076400 WO 03/076401 WO 03/076421
WO 03/076430 WO 03/076422 WO 03/082288
WO 03/087057 WO 03/092686 WO 03/066579
WO 03/011851 WO 04/013130 WO 04/110989
WO 04/092115 WO 04/0224991 WO 05/014588
WO 05/018578 WO 05/019174 WO 05/004861
WO 05/007091 WO 05/030704 WO 05/013958
WO 05/028447 WO 05/026907

Many of the HDAC inhibitors known 1n the art have a
structural template, which may be represented as 1n formula

(A):
R 4@7 | Linker]|-CONHOH

wherein ring A 1s a carbocyclic or heterocyclic ring system
with optional substituents R, and [ Linker] 1s a linker radical of
various types. The hydroxamate group functions as a metal
binding group, interacting with the metal 10n at the active site
of the HDAC enzyme, which lies at the base of a pocket in the
tolded enzyme structure. The ring or ring system A lies within
or at the entrance to the pocket containing the metal 10n, with
the -{Linker]|- radical extending deeper into that pocket link-
ing A to the metal binding hydroxamic acid group. In the art,
and occasionally herein, the ring or ring system A 1s some-
times informally referred to as the “head group” of the 1nhibi-
tor.

Theuse of prodrugs to enhance the delivery to target organs
and tissues, or to overcome poor pharmacokinetic properties
of the parent drug, 1s a well known medicinal chemaistry
approach. Administration of ester prodrugs, for example,
which are hydrolysed by serum carboxylesterases in vivo to
the active parent acids, can result in higher serum levels of the
parent acid than administration of the acid itsell.

(A)

BRIEF DESCRIPTION OF THE INVENTION

This ivention 1s based on the finding that the introduction
of an alpha amino acid ester grouping into the HDAC inhibi-
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tor molecular template (A) above facilitates penetration of the
agent through the cell membrane, and thereby allows intrac-
cllular carboxylesterase activity to hydrolyse the ester to
release the parent acid. Being charged, the acid 1s not readily
transported out of the cell, where 1t therefore accumulates to
increase the intracellular concentration of active HDAC
inhibitor. This leads to increases 1n potency and duration of
action. The mnvention therefore makes available a class of
compounds whose structures are characterised by having an
alpha amino acid ester moiety which is a substrate for intra-
cellular carboxylesterase (also referred to herein as an
“esterase motil””) covalently linked to an HDAC inhibitor

molecular template, and to the corresponding de-esterified
parent acids, such compounds having pharmaceutical utility

in the treatment of diseases such as cancers which benefit
from 1ntracellular inhibition of HDAC.

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention there 1s provided a
compound of formula (I) or a salt, N-oxide, hydrate or solvate
thereof:

(1)
R

R;—
E Y LI—XI_[CH2]34@7 | Linker|-CONHOH

wherein

R, 1s a carboxylic acid group (—COOH), or an ester group
which 1s hydrolysable by one or more intracellular carboxy-
lesterase enzymes to a carboxylic acid group;

R, 1s the side chain of a natural or non-natural alpha amino
acid;

Y 1s a bond, —C(=0)—, —S(=0),—, —C(=0)0—,
—C(=0O)NR,—, —C(=S)—NR,, —C(=NH)NR, or
—S(=—0),NR;— wherem R, 1s hydrogen or optionally sub-
stituted C,-C, alkyl;

L' is a divalent radical of formula -(Alkl)m(Q)H(Alkz)p-
wherein

m, n and p are independently O or 1,

Q 1s (1) an optionally substituted divalent mono- or bicyclic

carbocyclic or heterocyclic radical having 3-13 ring

members, or (11), 1n the case where bothm and p are 0, a
divalent radical of formula —X*-Q'- or -Q'-X*—

wherein X* is —O—, S— or NR*— wherein R? is
hydrogen or optionally substituted C,-C; alkyl, and Q"
1s an optionally substituted divalent mono- or bicyclic
carbocyclic or heterocyclic radical having 3-13 ring
members,

Alk' and Alk® independently represent optionally substi-
tuted divalent C,-C, cycloalkyl radicals, or optionally
substituted straight or branched, C, -C, alkylene, C,-C,
alkenylene, or C,-C, alkynylene radicals which may
optionally contain or terminate in an ether (—0O—),
thioether (—S—) or amino (—NR“—) link wherein R
1s hydrogen or optionally substituted C, -C; alkyl;

X' represents a bond; —C(=0); or —S(=0),—;
—NR, C(=0)—, —C(=O)NR,—, —NR_, C(=0)NR.—,
—NR, S(=0),—, or —S(=—0),NR ,— wherein R, and R4
are independently hydrogen or optionally substituted C,-C
alkyl;

z1s O or 1;
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A represents an optionally substituted mono-, bi- or tri-
cyclic carbocyclic or heterocyclic ring system wherein the
radicals R,R,.NH—Y-L'-X'—[CH,].— and HONHCO-
|[LINKER]- are attached different ring atoms; and

-[Linker]- represents a divalent linker radical linking a ring,
atom 1 A with the hydroxamic acid group —CONHOH, the
length of the linker radical, from the terminal atom linked to
the ring atom of A to the terminal atom linked to the hydrox-
amic acid group, 1s equivalent to that of an unbranched satu-
rated hydrocarbon chain of from 3-10 carbon atoms.

Although the above definition potentially includes mol-
ecules of high molecular weight, 1t 1s preferable, 1n line with
general principles of medicinal chemistry practice, that the
compounds with which this invention 1s concerned should
have molecular weights of no more than 600.

In another broad aspect the invention provides the use of a
compound of formula (I) as defined above, or an N-oxide,
salt, hydrate or solvate thereof in the preparation of a com-
position for inhibiting the activity of an HDAC enzyme.

The compounds with which the invention i1s concerned
may be used for the inhibition of HDAC activity, particularly
HDACI activity, €x vivo or 1n vi1vo.

In one aspect of the invention, the compounds of the inven-
tion may be used 1n the preparation of a composition for the
treatment of cell-proliferation disease, for example cancer
cell proliferation, polyglutamine diseases for example Hunt-
ingdon disease, neurogdeenecrative diseases for example
Alzheimer disease, autoimmune disease for example rheu-
matoid arthritis, and organ transplant rejection, diabetes, hae-
matological disorders, infection (including but not limited to
protozoal and fungal), mflammatory disease, and cardiovas-
cular disease, including atherosclerosis.

In another aspect, the invention provides a method for the
treatment of the foregoing disease types, which comprises
administering to a subject sutlering such disease an effective
amount of a compound of formula (I) as defined above.

The term “‘ester” or “esterified carboxyl group” means a
group R,;O(C=—0)— in which R 1s the group characterising
the ester, notionally derived from the alcohol R;OH.

As used herein, the term “(C_-C,)alkyl” wherein a and b
are integers refers to a straight or branched chain alkyl radical
having from a to b carbon atoms. Thus when ais 1 and b 1s 6,
for example, the term 1ncludes methyl, ethyl, n-propyl, 1so-
propyl, n-butyl, 1sobutyl, sec-butyl, t-butyl, n-pentyl and
n-hexyl.

As used herein the term “divalent (C_-C, )alkylene radical™
wherein a and b are integers refers to a saturated hydrocarbon
chain having from a to b carbon atoms and two unsatisfied
valences.

As used herein the term “(C_-C, )alkenyl” wherein a and b
are integers refers to a straight or branched chain alkenyl
moiety having from a to b carbon atoms having at least one
double bond of either E or Z stereochemistry where appli-
cable. The term includes, for example, vinyl, allyl, 1- and
2-butenyl and 2-methyl-2-propenyl.

As used herein the term “divalent (C_-C, )alkenylene radi-
cal” means a hydrocarbon chain having from a to b carbon
atoms, at least one double bond, and two unsatisfied valences.

As used herein the term “C_-C, alkynyl” wherein a and b
are integers refers to straight chain or branched chain hydro-
carbon groups having from two to six carbon atoms and
having 1n addition one triple bond. This term would include
for example, ethynyl, 1-propynyl, 1- and 2-butynyl, 2-me-
thyl-2-propynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 2-hexy-
nyl, 3-hexynyl, 4-hexynyl and 5-hexynyl.
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As used herein the term “divalent (C _-C, )alkynylene radi-
cal” wherein a and b are mtegers refers to a divalent hydro-
carbon chain having from 2 to 6 carbon atoms, and at least one
triple bond.

Asused herein the term “carbocyclic” refers to a mono-, bi-
or tricyclic radical having up to 16 ring atoms, all of which are
carbon, and includes aryl and cycloalkyl.

As used herein the term “cycloalkyl” refers to a monocy-
clic saturated carbocyclic radical having from 3-8 carbon
atoms and includes, for example, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl.

As used herein the unqualified term “aryl” refers to a
mono-, bi- or tri-cyclic carbocyclic aromatic radical, and
includes radicals having two monocyclic carbocyclic aro-
matic rings which are directly linked by a covalent bond.
Illustrative of such radicals are phenyl, biphenyl and napthyl.

As used herein the unqualified term “heteroaryl” refers to a
mono-, bi- or tri-cyclic aromatic radical containing one or
more heteroatoms selected from S, N and O, and includes
radicals having two such monocyclic rings, or one such
monocyclic ring and one monocyclic aryl ring, which are
directly linked by a covalent bond. Illustrative of such radicals
are thienyl, benzthienyl, furyl, benziuryl, pyrrolyl, imida-
zolyl, benzimidazolyl, thiazolyl, benzthiazolyl, 1sothiazolyl,
benzisothiazolyl, pyrazolyl, oxazolyl, benzoxazolyl, 1s0x-
azolyl, benzisoxazolyl, 1sothiazolyl, triazolyl, benztriazolyl,
thiadiazolyl, oxadiazolyl, pyridinyl, pyrnidazinyl, pyrimidi-
nyl, pyrazinyl, triazinyl, indolyl and indazolyl.

As used herein the unqualified term “heterocyclyl” or “het-
erocyclic” includes “heteroaryl™ as defined above, and 1n 1ts
non-aromatic meaning relates to a mono-, bi- or tri-cyclic
non-aromatic radical containing one or more heteroatoms
selected from S, N and O, and to groups consisting of a
monocyclic non-aromatic radical containing one or more
such heteroatoms which 1s covalently linked to another such
radical or to a monocyclic carbocyclic radical. Illustrative of
such radicals are pyrrolyl, furanyl, thienyl, piperidinyl, 1mi-
dazolyl, oxazolyl, 1soxazolyl, thiazolyl, thiadiazolyl, pyra-
zolyl, pyridinyl, pyrrolidinyl, pyrimidinyl, morpholinyl, pip-
crazinyl, indolyl, morpholinyl, benzfuranyl, pyranyl,
1soxazolyl, benzimidazolyl, methylenedioxyphenyl, ethyl-
enedioxyphenyl, maleimido and succinimido groups.

Unless otherwise specified in the context in which it
occurs, the term “substituted” as applied to any moiety herein
means substituted with up to four compatible substituents,
cach of which independently may be, for example, (C,-C)
alkyl, (C,-Cy)alkoxy, hydroxy, hydroxy(C,-C)alkyl, mer-
capto, mercapto(C,-Cy)alkyl, (C,-C,)alkylthio, phenyl, halo
(including fluoro, bromo and chloro), trifluoromethyl, trifluo-
romethoxy, nitro, nitrile (—CN), oxo, —COON, —COOR~,
—COR?, —SO_R*, —CONH,, —SO,NH,, —CONHR~,

~ SO,NHR4, —CONR“RZ, — SO,NRRZ, N,
~ NHR#, NR“R?, OCONH,, —OCONHR*, —OCON-
R4RZ, —NHCOR4, — NHCOOR% — NRZCOOR-,

— NHSO,OR?, —NR”SO,0OH, —NR”SO,0OR“*, —NH-
CONH,, —NR“CONH,, —NHCONHR”, —NR*CON-
HR”, —NHCONR“R?”, or—NR*CONR“R” wherein R? and
R” are independently a (C,-C,)alkyl, (C,-C,) cycloalkyl,
phenyl or monocyclic heteroaryl having 5 or 6 ring atoms. An
“optional substituent” may be one of the foregoing substitu-
ent groups.

The term “side chain of a natural or non-natural alpha-
amino acid” refers to the group R' in a natural or non-natural
amino acid of formula NH,—CH(R")—COOH.

Examples of side chains of natural alpha amino acids
include those of alanine, arginine, asparagine, aspartic acid,
cysteine, cystine, glutamic acid, histidine, 3-hydroxylysine,
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4-hydroxyproline, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, {tryptophan,
tyrosine, valine, a-aminoadipic acid, c.-amino-n-butyric acid,
3.4-dihydroxyphenylalanine, homoserine, oa-methylserine,
ornithine, pipecolic acid, and thyroxine.

Natural alpha-amino acids which contain functional sub-
stituents, for example amino, carboxyl, hydroxy, mercapto,
guanidyl, imidazolyl, or indolyl groups 1n their characteristic
side chains include arginine, lysine, glutamic acid, aspartic
acid, tryptophan, histidine, serine, threonine, tyrosine, and
cysteine. When R, 1n the compounds of the invention 1s one of
those side chains, the functional substituent may optionally
be protected.

The term “protected” when used in relation to a functional
substituent 1n a side chain of a natural alpha-amino acid
means a derivative of such a substituent which 1s substantially
non-functional. For example, carboxyl groups may be esteri-
fied (for example as a C,-C, alkyl ester), amino groups may
be converted to amides (for example as a NHCOC, -C, alkyl
amide) or carbamates (for example as an NHC(=—0)OC, -C,
alkyl or NHC(=—0O)OCH,Ph carbamate), hydroxyl groups
may be converted to ethers (for example an OC,-C, alkyl or a
O(C,-C, alkyl)phenyl ether) or esters (for example a
OC(=0)C,-C, alkyl ester) and thiol groups may be con-
verted to thioethers (for example a tert-butyl or benzyl thio-
cther) or thioesters (for example a SC(=0)C,-C, alkyl

thioester).
Examples of side chains of non-natural alpha amino acids
include those referred to below 1n the discussion of suitable

R, groups for use in compounds of the present invention.
As used herein the term “salt” includes base addition, acid
addition and quaternary salts. Compounds of the invention
which are acidic can form salts, including pharmaceutically
acceptable salts, with bases such as alkali metal hydroxides,
¢.g. sodium and potassium hydroxides; alkaline earth metal
hydroxides e.g. calctum, barium and magnestum hydroxides;
with organic bases e.g. N-methyl-D-glucamine, choline tris
(hydroxymethyl)Jamino-methane, L-arginine, L-lysine,
N-ethyl piperidine, dibenzylamine and the like. Those com-
pounds (1) which are basic can form salts, including pharma-

ceutically acceptable salts with inorganic acids, e.g. with
hydrohalic acids such as hydrochloric or hydrobromic acids,
sulphuric acid, nitric acid or phosphoric acid and the like, and
with organic acids e.g. with acetic, tartaric, succinic, fumaric,
maleic, malic, salicylic, citric, methanesulphonic, p-toluene-
sulphonic, benzoic, benzenesunionic, glutamic, lactic, and
mandelic acids and the like.

Compounds of the mnvention which contain one or more
actual or potential chiral centres, because of the presence of
asymmetric carbon atoms, can exist as a number of diastere-
o1somers with R or S stereochemistry at each chiral centre.
The mvention 1ncludes all such diastereoisomers and mix-
tures thereof.

As stated above, the esters of the invention are primarily
prodrugs of the corresponding carboxylic acids to which they
are converted by intracellular carboxylesterases. However,
for so long as they remain unhydrolised, the esters may have
HDAC inhibitory activity 1n their own right. The compounds
of the invention include not only the ester, but also the corre-
sponding carboxylic acid hydrolysis products.

The Hydroxamate Group —C(—O)NHOH

In the compounds of the invention, the hydroxamate group
functions as a metal binding group, interacting with the metal
ion at the active site of the HDAC enzyme, which lies at the
base of a pocket in the folded enzyme structure.
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The Ring or Ring System A
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Ring or ring system A 1s a mono- bi- or tri-cyclic carbocy-
clic or heterocyclic ring system, optionally substituted. In the
compounds of the mmvention, when bound to the HDAC

enzyme’s active site, ring or ring system A lies within or at the
entrance to the pocket containing the metal 10n, with the
-{Linker]- radical extending deeper into that pocket linking A

to the metal binding hydroxamic acid group. In the art, the

ring or
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ring system A 1s sometimes imnformally referred to as the _continued
“head group” of the mhibitor. Examples of ring systems A

include the following;:
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-continued

/ A\

-

wherein R, 1s hydrogen or optionally substituted C,-C,
alkyl, the bond intersected by the wavy line connects to the
Linker radical 1n the compounds (I), and wherein the group-
ing R, R,CHNHYL  X,[CH,]_ i the compounds (I) 1s linked
to any convenment ring atom of the ring system shown.

The -[Linker- Radical

-[Linker]- represents a divalent linker radical linking a ring
atom 1n A with the hydroxamic acid group CONHOH, the
length of the linker radical, from the terminal atom linked to
the ring atom of A to the terminal atom linked to the hydrox-
amic acid group, being equivalent to that of an unbranched
saturated hydrocarbon chain of from 3-10 carbon atoms. An
unbranched saturated hydrocarbon chain of 3 carbon atoms
has a length of about 2.5 angstroms, and one of 10 carbon
atoms has a length of about 11.3 angstroms. The length of ang
given -[ Linker]- radical can be determined from data on atom
radi1 and bond lengths 1n the literature, or can be determined
using chemical structure modelling software such as DS
ViewerPro (Accelrys, Inc). The defined length of the
-| Linker]- radical reflects the fact that the head group A may
lie at the entrance to, or within, the metal 10n-containing
pocket at the active site of the enzyme, and 1s therefore
loosely related to the depth of that pocket. In many cases, the
length of the linker will be equivalent to that of an unbranched
saturated hydrocarbon chain of from 4 to 9 carbon atoms, for
example 35, 6 or 7 carbon atoms. Specific general types of
-| Linker]- radical are those discussed below as “Type 17,
“Type 27, and “Type 3™ linkers.

Type 1 Linkers

In this type, -[Linker]- represents a divalent radical of
formula —(CH,),—Z-L*- wherein

X

x1s Qorl;
Z 1s a bond, —NR,—, —NR,C(=0)—, —C(=0)
NR;—, —NR,C(=0)—NR,—, —C(=S)—NR,,

—C(=N)—NR;—NR,S(—=0),—, or —S(=0),
NR,— wherein R, 1s hydrogen or C,-C, alkyl;
—C(=0); or —S(=0),—; and

[* represents an optionally substituted, straight or

branched, C,-C, alkylene, C,-C, alkenylene or C,-C,
alkynylene radicals which may optionally contain or
terminate 1n an ether (—0O—), thioether (—S—) or
amino (—NR“—) link wherein R* is hydrogen or
optionally substituted C, -C, alkyl.

In one sub-class of this type of linker, 1n any compatible
combination, X 1s 0; Z 1s —NH—, —C(=0)—, —NHC
(=0)— or —C(=O)NH— and L* is —(CH,).—.
—(CH,)g—, or —(CH,),—.

Type 2 Linkers

In this type, -[Linker]- represents a divalent radical of
formula —(CH,)_-L>-Ar"'-L*- wherein

x1s Qorl;

[ is Z or L* or Z-L* wherein Z is as defined in relation to

Type 1 linkers and and L* is a bond or an optionally
substituted divalent C, -C; alkylene radical;
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Ar' is a divalent phenyl radical or a divalent mono-, or
bi-cyclic heteroaryl radical having 5 to 13 ring members,
and

[* is a bond or optionally substituted —CH,— or
— CH=—CH—.

In one sub-class of this type of linker, 1n any compatible
combination, x is 0 or 1; L° is Z or Z-L*, wherein Z is
—NH—, —NHS(=0),—, —S(=0),NH— or
—S(=0),—; L*is —CH,— L" is a bond or —CH,—; and
Ar' is divalent radical selected from the following:
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-continued

X

/X/‘
N\
X...,,.__‘/

(
\

¢
/_

wherein X 1s O, S or NH.

NN
S

Of the above Ar' radicals, the benzo[b]thiophen-6-y] radi-
cal

15 a particular example

In another sub-class of this type of linker, in any compat-
ible combination, x is 0; L° is L, wherein L* is an straight
chain C,-C; alkylene radical which may optionally contain an
ether (—QO—), thioether (—S—) or amino (—NR“—) link
wherein R is hydrogen or optionally substituted C,-C, alkyl,

for example hydroxyethyl; and Ar' is divalent radical selected
from those listed 1n the preceding paragraph.

In yet another subclass of this type, x is 0, L.° and L* are
bonds, and Ar' is a divalent phenyl radical or a divalent
bicyclic heteroaryl radical having 9 to 13 ring members,

P\U/ <

* s 3k P/Q\
| A N\ )\\ N\
P\U/ X " U/RX

for example selected from the following;:

wherein X 1s selected from O, S and NH and P, Q, and U are
independently selected from N and CH; and the bond marked
*% 1s linked to the CONHOH group; and the bond marked * 1s
linked to the ring or ring system A.

Type 3 Linkers

In this type, -[Linker]- represents a divalent radical of
formula —(CH,).-L°-B—Ar"-L*- wherein x, Ar", L and L*
are as discussed with reference to Type 2 linkers above; and B
1S a mono- or bi-cyclic heterocyclic ring system.

In one subclass of this type of linker B 1s one of the fol-
lowing:
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wherein X 1s N and W 1s NH, O or S.

The Ester Group R,

The ester group R, must be one which 1n the compound of
the invention 1s hydrolysable by one or more intracellular
carboxylesterase enzymes to a carboxylic acid group. Intra-
cellular carboxylesterase enzymes capable ofhydrolysing the
ester group of a compound of the imnvention to the correspond-
ing acid include the three known human enzyme 1sotypes
hCE-1, hCE-2 and hCE-3. Although these are considered to
be the main enzymes, other enzymes such as biphenylhydro-
lase (BPH) may also have a role in hydrolysing the ester. In
general, if the carboxylesterase hydrolyses the free amino
acid ester to the parent acid 1t will, subject to the N-carbonyl
dependence of hCE-2 and hCE-3 discussed below, also
hydrolyse the ester motif when covalently conjugated to the
HDAC 1nhibitor. Hence, the broken cell assay described
herein provide a straightforward, quick and simple first
screen for esters which have the required hydrolysis profile.
Ester motifs selected 1n that way may then be re-assayed 1n
the same carboxylesterase assay when conjugated to the
modulator via the chosen conjugation chemistry, to confirm
that 1t 1s st1ll a carboxylesterase substrate 1n that background.

Subject to the requirement that they be hydroysable by
intracellular carboxylesterase enzymes, examples of particu-
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lar ester groups R, include those of formula —(C—0)0OR,
wherein R, 1s (1) R,R,CH— wherein R, 1s optionally substi-
tuted (C,-C,)alkyl-(Z") —(C,-C,)alkyl- or (C,-C,)alkenyl-
(Z"), —(C,-C,)alkyl- wherein ais 0 or 1 and Z" is —O—,

S—,or—NH-—, and R, 1s hydrogen or (C,-C,)alkyl-or R,
and R, taken together with the carbon to which they are
attached form an optionally substituted C;-C, cycloalkyl ring
or an optionally substituted heterocyclic ring of 5- or 6-ring
atoms; or (11) optionally substituted phenyl or monocyclic
heterocyclic having 5 or 6 ring atoms. Within these classes, R,
may be, for example, methyl, ethyl, n- or 1so-propyl, n- or
sec-butyl, cyclohexyl, allyl, phenyl, benzyl, 2-, 3- or 4-py-
ridylmethyl, N-methylpiperidin-4-yl, tetrahydrofuran-3-yl or
methoxyethyl. Currently preferred 1s where R, 1s cyclopentyl.

Macrophages are known to play a key role 1n inflammatory

disorders through the release of cytokines in particular TNFo
and IL-1 (van Roon et al Arthritis and Rheumatism, 2003,
1229-1238). In rheumatoid arthritis they are major contribu-
tors to the maintenance of joint intflammation and joint
destruction. Macrophages are also involved 1in tumour growth
and development (Naldimi and Carraro Curr Drug Targets
Inflamm Allergy, 2005, 3-8). Hence agents that selectively
target macrophage cell proliferation could be of value 1n the
treatment of cancer and autoimmune disease. Targeting spe-
cific cell types would be expected to lead to reduced side-
elfects. The inventors have discovered a method of targeting
HDAC 1nhibitors to macrophages which 1s based on the
observation that the way 1n which the esterase motif 1s linked
to the HDAC imhibitor determines whether it 1s hydrolysed,
and hence whether or not 1t accumulates in different cell
types. Specifically 1t has been found that macrophages con-
tain the human carboxylesterase hCE-1 whereas other cell
types do not. In the general formula (I) when the nitrogen of
the esterase motif R, R,CHNH— 1s not directly linked to a
carbonyl (—C(=0)—), 1¢ when Y 1s not a —C(=0),
—C(—=0)O— or —C(=0)NR ;—radical, the ester will only
be hydrolysed by hCE-1 and hence the HDAC inhibitors will
only accumulate 1n macrophages. Herein, unless “monocyte”
or “monocytes” 1s specified, the term macrophage or mac-
rophages will be used to denote macrophages (including
tumour associated macrophages) and/or monocytes.

The Amino Acid Side Chain R,

Subject to the requirement that the ester group R, be
hydrolysable by intracellular carboxylesterase enzymes, the
identity of the side chain group R, 1s not critical.

Examples of amino acid side chains include

C,-Cs alkyl, phenyl, 2,- 3-, or 4-hydroxyphenyl, 2,- 3-, or
4-methoxyphenyl, 2,-3-, or 4-pyridylmethyl, benzyl, phenyl-
cthyl, 2-, 3-, or 4-hydroxybenzyl, 2,- 3-, or 4-benzyloxyben-
zyl, 2,- 3-, or 4-C,-C, alkoxybenzyl, and benzyloxy(C, -
Cqalkyl)- groups;

the characterising group of a natural a amino acid, in which
any functional group may be protected;

groups -[Alk] R, where Alk 1s a (C,-Cy)alkyl or (C,-C,)
alkenyl group optionally interrupted by one or more —O—,
or —S— atoms or —N(R )— groups [where R~ 1s ahydrogen
atom or a (C,-Cj)alkyl group], n 1s O or 1, and R, 1s an
optionally substituted cycloalkyl or cycloalkenyl group;

a benzyl group substituted 1n the phenyl ring by a group of
formula—OCH,COR, where R 1s hydroxyl, amino, (C,-C,)
alkoxy, phenyl(C,-Cjlalkoxy, (C,-Cylalkylamino, di((C,-
Cy)alkyl)amino, phenyl(C, -C)alkylamino, the residue of an
amino acid or acid halide, ester or amide derivative thereof,
said residue being linked via an amide bond, said amino acid
being selected from glycine, o or p alanine, valine, leucine,
1soleucine, phenylalanine, tyrosine, tryptophan, serine, threo-
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nine, cysteine, methionine, asparagine, glutamine, lysine,
histidine, arginine, glutamic acid, and aspartic acid;

a heterocyclic(C,-Cy)alkyl group, either being unsubsti-
tuted or mono- or di-substituted 1n the heterocyclic ring with
halo, nitro, carboxy, (C,-C,)alkoxy, cyano, (C,-C;)alkanoyl,
tritfluoromethyl (C,-Cy)alkyl, hydroxy, formyl, amino, (C,-
Cy)alkylamino, di-(C,-Cj)alkylamino, mercapto, (C,-C,)
alkylthio, hydroxy(C,-Cylalkyl, mercapto(C,-C,lalkyl or
(C,-Cy)alkylphenylmethyl; and

a group —CR_R,R . 1n which:

cach of R _, R, and R _ 1s independently hydrogen, (C,-C;)

alkyl, (C,-Cyalkenyl, (C,-Cy)alkynyl, phenyl(C,-C,)
alkyl, (C;-Cy)cycloalkyl; or

R _1s hydrogen and R and R, are independently phenyl or
heteroaryl such as pyridyl; or

1s hydrogen, (C,-Cj)alkyl, (C,-Cj)alkenyl, (C,-C;)
alkynyl, phenyl(C, -Cy)alkyl, or (C;-Cy)cycloalkyl, and
R _ and R, together with the carbon atom to which they
are attached form a 3 to 8 membered cycloalkyl ora 5- to
6-membered heterocyclic ring; or

R , R, and R together with the carbon atom to which they

are attached form a tricyclic ring (for example adaman-
tyl); or

R and R, are each independently (C,-C,)alkyl, (C,-C;)

alkenyl, (C,-Cy)alkynyl, phenyl(C,-C,)alkyl, or a group
as defined for R __ below other than hydrogen, or R, and
R, together with the carbon atom to which they are
attached torm a cycloalkyl or heterocyclic ring, and R _1s
hydrogen, —OH, —SH, halogen, —CN, —CO,H, (C, -
Cperfluoroalkyl, —CH,OH, —CO,(C,-C/)alkyl,
—O(C,-Cyalkyl, —O(C,-Cylalkenyl, —S(C,-C;)
alkyl, —SO(C,-Cy)alkyl, —SO,(C,-C) alkyl, —S(C,-
Cylalkenyl, —SO(C,-Cjlalkenyl, —SO,(C,-C;)alk-
enyl or a group -Q-W wherein QQ represents a bond or
O—,—S— —SO—or—S0O,—and W represents a
phenyl, phenylalkyl, (C;-Ci)cycloalkyl, (C;-Cg)cy-
cloalkylalkyl, (C,-Cg)cycloalkenyl, (C,-Cg)cycloalk-
enylalkyl, heteroaryl or heteroarylalkyl group, which
group W may optionally be substituted by one or more
substituents independently selected from, hydroxyl,
halogen, —CN, —CO,H, —CO,(C,-Cyalkyl,
—CONH,, —CONH(C,-Cyalkyl, —CONH(C,-
Cqalkyl),, —CHO, —CH,OH, (C,-C )pertluoroalkyl,
—O(C,-Cyalkyl, —S(C, C «)alkyl, —SO(C,-Cj)alkyl,
—S0,(C,-Cylalkyl, —NO,, —NH,, —NH(C,-Cy)
alkyl, —N((C,-Cy)alkyl),, —NHCO(C, -Cj)alkyl, (C,--
Cylalkyl, (C,-Cjalkenyl, (C,-Cy)alkynyl, (C;-Cy)cy-
cloalkyl, (C,-C,)cycloalkenyl, phenyl or benzyl.

Examples of particular R, groups include hydrogen (the
glycine “side chain™), benzyl, phenyl, cyclohexylmethyl,
cyclohexyl, pyridin-3-ylmethyl, tert-butoxymethyl, 1so-bu-
tyl, sec-butyl, tert-butyl, 1-benzylthio-1-methylethyl, 1-me-
thylthio-1-methylethyl, 1-mercapto-1-methylethyl, and phe-
nylethyl. Presently preferred R, groups include phenyl,
benzyl, and 1so-butyl.

For compounds of the invention which are to be adminis-
tered systemically, esters with a slow rate of carboxylesterase
cleavage are preferred, since they are less susceptible to pre-
systemic metabolism. Their ability to reach their target tissue
intact 1s theretfore increased, and the ester can be converted
inside the cells of the target tissue into the acid product.
However, for local administration, where the ester 1s either
directly applied to the target tissue or directed there by, for
example, inhalation, 1t will often be desirable that the ester
has a rapid rate of esterase cleavage, to minimise systemic
exposure and consequent unwanted side effects. In the com-
pounds of this mnvention, 1f the carbon adjacent to the alpha
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carbon of the alpha amino acid ester ester 1s monosubstituted,
1ie R, 1s CH,R" (R* being the mono-substituent) then the esters
tend to be cleaved more rapidly than 1f that carbon 1s di- or
tri-substituted, as in the case where R, 1s, for example, phenyl
or cyclohexyl.

The Radical —Y-L'-X'—[CH,].—

This radical (or bond) arises from the particular chemistry
strategy chosen to link the amino acid ester motif R, CH(R,)
NH— to the head group A of the inhibitor. Clearly the chem-
1stry strategy for that coupling may vary widely, and thus
many combinations of the variables Y, L', X" and z are pos-
sible. However, as mentioned above, when the inhibitor 1s
bound to the HDAC enzyme at its active site, the head group
A 1s located at the top of, or within, the metal-1on-containing
pocket of the enzyme, so by linking the amino acid ester motif
to the head group 1t generally extends 1n a direction away from
that pocket, and thus minimises or avoids interference with
the binding mode of the inhibitor template A -[ Linker]-CON-
HOH. Hence the precise combination of variable making up
the linking chemistry between the amino acid ester motif and
the head group A will often be irrelevant to the primary
binding mode of the compound as a whole. On the other hand,
that linkage chemistry may 1n some cases pick up additional
binding interactions with the enzyme at the top of, or adjacent
to, the metal 10n-containing pocket, thereby enhancing bind-
ng.

It should also be noted that the benefits of the amino acid
ester motil described above (facile entry into the cell, car-
boxylesterase hydrolysis within the cell, and accumulation
within the cell of active carboxylic acid hydrolysis product)
are best achieved when the linkage between the amino acid
ester motif and the head group 1s not a substrate for peptidase
activity within the cell, which might result in cleavage of the
amino acid from the molecule. Of course, stability to intrac-
cllular peptidases 1s easily tested by incubating the compound
with disrupted cell contents, and analysing for any such cleav-
age.

With the foregoing general observations in mind, taking
the variables making up the radical —Y-L'-X'—[CH,].—in
turn:

7z may be 0 or 1, so that a methylene radical linked to the

head group A 1s optional;

specific preferred examples o Y when macrophage selec-
tivity 1s not required include —(C—0)—, —(C=0)
NH—, and —(C—0)0O—; Where macrophage selectiv-
ity 1s required any of the other options for Y, including
the case where Y 1s a bond, are appropriate.

In the radical L', examples of Alk" and Alk” radicals, when

present, include —CH,—, —CH,CH,—
—CH,CH,CH,—, —CH,CH,CH,CH,—,
—CH—CH—, —CH—CHCH,—, —CH,CH—CH—,
CH,CH—CHCH,—C=C—, —C=CCH,—,

CH,C=C—, and CH,C=CCH,. Additional examples
of Alkl and AIK? mclude —CH, W , —CH,CH,W—

—CH,CH,WCH,—, —CH CH WCH(CH3)—
—CH,WCH,CH,—, —CH WCH ,CH,WCH,—, and
—WCH ,CH,— where W 1s —O S NH—,
—N(CH;)—, or —CH,CH N(CH CH OH)CPI —

Further examples of Alkl and Alk include divalent
cyclopropyl, cyclopentyl and cyclohexyl radicals.

In L', when n is 0, the radical is a hydrocarbon chain
(optionally substituted and perhaps having an ether,
thioether or amino linkage). Presently it 1s preferred that
there be no optional substituents in L. When both m and
pare 0, L' is a divalent mono- or bicyclic carbocyclic or
heterocyclic radical with 5-13 ring atoms (optionally
substituted). Whenni1s 1 and at least oneof m and p is 1,
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' is a divalent radical including a hydrocarbon chain or
chains and a mono- or bicyclic carbocyclic or heterocy-
clic radical with 5-13 rning atoms (optionally substi-
tuted). When present, (Q may be, for example, a divalent
phenyl, naphthyl, cyclopropyl, cyclopentyl, or cyclo-
hexyl radical, or amono-, or bi-cyclic heterocyclicl radi-
cal having 5 to 13 ring members, such as pipendinyl,
piperazinyl, indolyl, pyridyl, thienyl, or pyrrolyl radical,
but 1,4-phenylene 1s presently preferred.

Specifically, in some embodiments of the invention, L', m
and p may be 0 with n being 1. In other embodiments, n and
p may be O with m being 1. In further embodiments, m, n and
p may be all 0. In still further embodiments m may be 0, n may
be 1 with Q being a monocyclic heterocyclic radical, and p
may be 0 or 1. Alk' and Alk”, when present, may be selected
trom —CH,—, —CH,CH,—, and —CH,CH,CH,—and ()
may be 1,4-phenylene.

Specific examples of the radical —Y-L'-X'—[CH,] —
include —C(=0)— and —C(=0O)NH— as well as

R

~

N—Y—L'
H

R

=

N—Y —L'— X' —[CH,],. -

—X—[CLlL—y

20
—(CH,),0—,  —C(—0)—(CH,),—,
— C(=0)-NH (CH,) .

—(CH,),—

—C(=0)(CH,),0—

—C(=0)—NH—(CH,),,O0—
/

(o]
Q“M

whereinvis1,2,3ordandwis 1,2 or3, suchas—CH,—
—CH,0—, —C(_O)—CH —, —C(_O)—CH O—
—C(_O)—NH—CH —, and —C(=0O)—NH—CH,O0—.

Examples of particular Sub sets of compounds of the mnven-
tion include those of formulae (IA) to (IM):

and

10

15

(IA)
OH

/\/CONHOH

(IB)

H ||\/\ /‘\/N\I(\/\/\/CONHOH

7,

O
(IC)

N CONHOH
N’fx\mf’ “Trfﬁxﬂwff\“wffhxxxf
H
O

R
T
HN
1\Y
\ f
L
X
AN
[CHE)E
\/\
R,
—
N—Y—IL'—
H

R,
—(

N

H

Y —L'—X'—[CH,],

CONHOH
. [::::](f H\ﬂxfmkxffr\xuffﬁhxff’

(IE)

‘ F

N O
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-continued

O

AN

, |
X' —[CH],—-

F

Ry
R14<

N—Y—L'—

N—Y—L'— X —[CH,|,

£]
H \/

[CH3),

/\/\/

‘%%bfjhxxff \NW//\\Mf/ﬁxxwffxthfCONHOH

4< N N\)

N—Y—L'—X—[CH,],

4<

N——Y——L’ Xu—ﬂjbh—lr
Ry
1u——a<
N——Y——Ll

o

N——Y——L1

wherein z, R,, R,, R;, L' and X" and Y are as defined in
relation to formula (I), and as discussed above, including the
preferences therefor.

Examples of specific compounds of the mnvention include
the following:
(S)-[4-(7-Hydroxycarbamoyl-heptanoylamino)-benzy-

lamino]-phenyl-acetic acid cyclopentyl ester

X

22

(IF)

N DONHOH

(1G)

N CONHOH
\/ \IK\/\/\/
O

(IH)

(1)

O

K\N )J\/\/\/\CONHOH

(IK)

/\/\/\/CONHOH
N

(IL)

).I\/\/\/\CONHOH

o \\/:@\
CHZ-%Z:::J::i>}——CONHOH

(IM)

60 (S)-2-[3-(7-Hydroxycarbamoyl-heptanoylamino)-benzy-
lamino]-4-phenyl-butyric acid cyclopentyl ester
(S)-[3-(7-Hydroxycarbamoyl-heptanoylamino)-benzy-
lamino]-phenyl-acetic acid cyclopentyl ester
(S)-2-[3-(7-Hydroxycarbamoyl-heptanoylamino)-benzy-
lamino]-4-methyl-pentanoic acid cyclopentyl ester
(S)-{2-[3-(7-Hydroxycarbamoyl-heptanoylamino)-phenyl]-
ethylamino } -phenyl-acetic acid cyclopentyl ester

65
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(S)-2-{3-[3-(7-Hydroxycarbamoyl-heptanoylamino )-phe-
noxy|-propylamino }-3-phenyl-propionic acid cyclopentyl
ester

(S)-2-(4-{[(2-Hydroxycarbamoyl-benzo|[b Jthiophen-6-ylm-
ethyl)-amino]-methyl}-benzylamino)-3-(4-hydroxy-phe-
nyl)-propionic acid cyclopentyl ester

(S)-3-tert-Butoxy-2-(4-{[(2-hydroxycarbamoyl-benzo[ b}
thiophen-6-ylmethyl)-amino]-methyl }-benzylamino)-
propionic acid cyclopentyl ester

(S)-1-(4-{[(2-Hydroxycarbamoyl-benzo[b Jthiophen-6-ylm-
ethyl)-amino]-methyl}-benzyl)-pyrrolidine-2-carboxylic
acid cyclopentyl ester

(S)-2-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-6-ylm-
ethyl)-amino]-methyl }-benzylamino)-propionic acid
cyclopentyl ester

(4-1[(2-Hydroxycarbamoyl-benzo[b]thiophen-6-ylmethyl)-
amino|-methyl }-benzylamino)-acetic acid cyclopentyl
ester
Compounds of the invention may be prepared, for

example, by the methods described below and in the

Examples herein.
For example, compounds of the invention may be prepared

from the corresponding carboxylic acids (1I)
(1)
Ry

E—Y—LI—XI—[CHZ]E—@[Linker]-COOH

by reaction of an activated derivative thereot, such as the
acid chloride, with hydroxylamine or a protected version of
hydroxylamine.

Alternatively, an N- or O-protected or N,O-diprotected
precursor of the desired compound (I) may be deprotected. In
a useful version of this method O-protection 1s provided by a
resin support, from which the desired hydroxamic acid (I)
may be cleaved, for example by acid hydrolysis.

Carboxyl protected dernivatives of compounds (II), or
O-linked resin-supported derivatives of compounds (1I) of the
invention may be synthesised 1n stages by literature methods,
selected according to the particular structure of the desired
compound. In that connection, the patent publications listed
above provide information on the synthesis of HDAC 1nhibi-
tors which are structurally similar to those of the present
ivention.

10

15

20

25

30

35

40

45

24

In one approach, suitable for compounds (I) wherein Z 1s a
sulfonamido radical —NHSO,—, an amine (I1I)

ID)
R>

Rl—<
E—Y—L’—X’—[CHZ]E—@—NHZ

may be reacted with an activated derivative, for example
the acid chloride, of a sulfonic acid HOSO,-L*-Z* wherein 7~
1s a protected carboxyl group, such as cleavable ester, or an
O-linked resin-supported hydroxamic acid group.

In another approach, suitable for compounds (1) wherein 7
1s an amide radical —NHC(=—0)—, an amine (III) may be
reacted with a carboxylic acid HOC(=—0)-L-Z7, Z* being as
defined 1n the preceding paragraph, in the presence of a car-
bodiimide coupling agent.

The case of compounds (I) where the ring or ring system A
1s linked to the -Linker-CONHOH moiety via a ring nitrogen,
and 7 1s —(C—0)— or —SO,—, the appropriate N-hetero-
cycle (IV)

R>
w—
N—Y L! Xl—[CHz]E—@NH

may be reacted with the corresponding carboxylic or sul-
fonic acid (ie HOOC-L*-Z> or HOSO,-1.>-Z~ wherein Z~ is as
defined above), either as an activated dertvative thereof such
as the chloride, or 1n the presence of a carbodiimide coupling
agent.

By way of further illustration of the use of literature meth-
ods for the synthesis of compounds within the scope of for-
mula (I) above, the following reaction schemes 1-6 are pre-
sented. In these schemes the group R represents the radical

R,

~

N—Y—L'—X'"—[CHy],—

(IV)

present 1n the compounds of the 1nvention, or represents a
functional group upon which that radical may be built up
using literature methods.

Also 1n the schemes, the symbol
phase resin support.

Fiain
E% P |

represents a solid

Scheme 1

NaH,

OH
- /\/
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As mentioned above, the compounds with which the inven-
tion 1s concerned are HDAC inhibitors, and may therefore be
of use 1n the treatment of cell proliferative disease, such as
cancer, 1n humans and other mammals.

It will be understood that the specific dose level for any
particular patient will depend upon a variety of factors includ-
ing the activity of the specific compound employed, the age,
body weight, general health, sex, diet, time of admimistration,
route of administration, rate of excretion, drug combination
and the severity of the particular disease undergoing treat-
ment. Optimum dose levels and frequency of dosing will be
determined by clinical trial.

The compounds with which the invention 1s concerned
may be prepared for administration by any route consistent
with their pharmacokinetic properties. The orally adminis-
trable compositions may be in the form of tablets, capsules,
powders, granules, lozenges, liquid or gel preparations, such
as oral, topical, or sterile parenteral solutions or suspensions.
Tablets and capsules for oral administration may be 1n unit
dose presentation form, and may contain conventional excipi-
ents such as binding agents, for example syrup, acacia, gela-
tin, sorbitol, tragacanth, or polyvinyl-pyrrolidone; fillers for
example lactose, sugar, maize-starch, calctum phosphate,
sorbitol or glycine; tabletting lubricant, for example magne-
sium stearate, talc, polyethylene glycol or silica; disintegrants
for example potato starch, or acceptable wetting agents such
as sodium lauryl sulphate. The tablets may be coated accord-
ing to methods well known 1n normal pharmaceutical prac-
tice. Oral liquid preparations may be in the form of, for
example, aqueous or oily suspensions, solutions, emulsions,
syrups or elixirs, or may be presented as a dry product for
reconstitution with water or other suitable vehicle before use.
Such liquid preparations may contain conventional additives
such as suspending agents, for example sorbitol, syrup,
methyl cellulose, glucose syrup, gelatin hydrogenated edible
fats; emulsifying agents, for example lecithin, sorbitan
monooleate, or acacia; non-aqueous vehicles (which may
include edible oils), for example almond oil, fractionated
coconut o1l, o1ly esters such as glycerine, propylene glycol, or
cthyl alcohol; preservatives, for example methyl or propyl
p-hydroxybenzoate or sorbic acid, and 1f desired conven-
tional flavouring or colouring agents.

For topical application to the skin, the drug may be made up
into a cream, lotion or ointment. Cream or ointment formu-
lations which may be used for the drug are conventional
tformulations well known 1n the art, for example as described
in standard textbooks of pharmaceutics such as the British
Pharmacopoeia.

For topical application by inhalation, the drug may be
tformulated for aerosol delivery for example, by pressure-
driven jet atomizers or ultrasonic atomizers, or preferably by
propellant-driven metered aerosols or propellant-iree admin-
istration of micronized powders, for example, inhalation cap-
sules or other “dry powder” delivery systems. Excipients,
such as, for example, propellants (e.g. Frigen 1n the case of
metered aerosols), surface-active substances, emulsifiers, sta-
bilizers, preservatives, flavorings, and fillers (e.g. lactose 1n
the case of powder 1nhalers) may be present 1n such inhaled
formulations. For the purposes of inhalation, a large number
ol apparatus are available with which aerosols of optimum
particle size can be generated and administered, using an
inhalation technique which 1s appropriate for the patient. In
addition to the use of adaptors (spacers, expanders) and pear-
shaped containers (e.g. Nebulator®, Volumatic®), and auto-
matic devices emitting a puller spray (Autohaler®), for
metered aerosols, 1 particular 1n the case of powder inhalers,
a number of technical solutions are available (e.g. Dis-
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khaler®, Rotadisk®, Turbohaler® or the inhalers for
example as described 1n European Patent Application EP 0
505 321).

For topical application to the eye, the drug may be made up
into a solution or suspension in a suitable sterile aqueous or
non aqueous vehicle. Additives, for instance butlers such as
sodium metabisulphite or disodium edeate; preservatives
including bactericidal and fungicidal agents such as phenyl
mercuric acetate or nitrate, benzalkonium chloride or chlo-
rhexidine, and thickening agents such as hypromellose may
also be included.

The active ingredient may also be administered parenter-
ally i a sterile medium. Depending on the vehicle and con-
centration used, the drug can either be suspended or dissolved
in the vehicle. Advantageously, adjuvants such as a local
anaesthetic, preservative and buifering agents can be dis-
solved 1n the vehicle.

The following Examples illustrate the preparation of spe-
cific compounds of the invention, and the HDAC inhibitory
properties thereof: In the Examples:

Commercially available reagents and solvents (HPLC
grade) were used without further purification.

Microwave 1rradiation was carried out using a CEM Dis-
cover focused microwave reactor.

Solvents were removed using a GeneVac Series I without
heating or a Genevac Series II with VacRamp at 30° C. or a
Buchi rotary evaporator.

Purification of compounds by flash chromatography col-
umn was performed using silica gel, particle size 40-63 um
(230-400 mesh) obtained from Silicycle. Purification of com-
pounds by preparative HPLC was performed on Gilson sys-
tems using reverse phase ThermoHypersil-Keystone Hyper-
prep HS C18 columns (12 um, 100x21.2 mm), gradient
20-100% B (A=water/0.1% TFA, B=acetomitrile/0.1% TFA)
over 9.5 min, flow=30 ml/min, 1njection solvent 2:1 DMSO:
acetonitrile (1.6 ml), UV detection at 215 nm.

"H NMR spectra were recorded on a Bruker 400 MHz AV
spectrometer in deuterated solvents. Chemical shifts (0) are 1n
parts per million. Thin-layer chromatography (TLC) analysis
was performed with Kieselgel 60 F,., (Merck) plates and
visualized using UV light.

Analytical HPLCMS was performed on Agilent HP1100,
Waters 600 or Waters 1525 LC systems using reverse phase
Hypersil BDS C18 columns (5 um, 2.1x50 mm), gradient
0-953% B (A=water/0.1% TFA, B=acetonitrile/0.1% TFA)
over 2.10 min, flow=1.0 ml/min. UV spectra were recorded at
215 nm using a Gilson G1315A Diode Array Detector,
G1214A single wavelength UV detector, Waters 2487 dual
wavelength UV detector, Waters 2488 dual wavelength UV
detector, or Waters 2996 diode array UV detector. Mass spec-
tra were obtained over the range m/z 150 to 850 at a sampling
rate of 2 scans per second or 1 scan per 1.2 seconds using
Micromass LCT with Z-spray interface or Micromass LCT
with Z-spray or MUX mterface. Data were integrated and
reported using OpenLynx and OpenlLynx Browser software

The following abbreviations have been used:

MeOH=methanol

EtOH=ethanol

EtOAc=ethyl acetate

Boc=tert-butoxycarbonyl

Chz=carbobenzyloxy

DCM=dichloromethane

DCE=dichloroethane

DMF=dimethylformamide

DMSO=dimethyl sulfoxide
TFA=trifluoroacetic acid
THF=tetrahydrofuran
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Na,CO;=sodium carbonate
HCl=hydrochloric acid
DIPEA=diisopropylethylamine
NaH=sodium hydrnide

NaOH=sodium hydroxide
NaHCO,=sodium hydrogen carbonate

Pd/C=palladium on carbon
TBME=tert-butyl methyl ether
DMAP=4-Dimethylaminopyridine
N,=nitrogen

PyBop=benzotriazole-1-yl-oxy-tris-pyrrolidino-phospho-
nium hexatluorophosphate

Na,SO_ =sodium sulphate
Et,N=tricthylamine

NH,
TMSCl=trimethylchlorosilane

NH_Cl=ammonium chloride

—ammonia

L1AlH, =lithium aluminium hydride

pyBrOP=Bromo-tris-pyrrolidino phosphoniumhexafluo-
rophosphate

MgSO ,=magnesium sulfate
MnO,=Manganese dioxide
“"BulLi1=n-butyllithium
CO,=carbon dioxide

EDCI=N-(3-Dimethylaminopropyl)-N'-ethylcarbodiim-
ide hydrochloride

Et,O=diethyl ether

L1OH=lithium hydroxide
HOBt=1
DIAD=Da1sopropyl azodicarboxylate

HATU=0-(7-Azabenzotriazol-1-y1-N,N,N'N'-tetram-
cthyluromium hexafluorophosphate

-hydroxybenzotriazole

ELLS=Evaporative Light Scattering
TLC=thin layer chromatography
ml=mulliliter

g—gram(s)

mg=milligram(s)

mol=moles

mmol=millimole(s)

eq=mole equivalent

LCMS=high performance liqmd chromatography/mass
spectrometry

NMR=nuclear magnetic resonance
r.t.=room temperature
Standard Wash Procedure for Resin Chemistry

Resin was washed in the following sequence: DME,
MeOH, DMF, MecOH, DCM, MeOH, DCM, MeOHXx2,

TBMEX2.

Resin Test Cleavage

A small amount of functionalised hydroxylamine 2-chlo-
rotrityl resin (ca 0.3 ml of reaction mixture, ca 10 mg resin)
was treated with 2% TFA/DCM (0.5 ml) for 10 min at room
temperature. The resin was filtered and the filtrate was con-
centrated by blowing with a stream of N, gas. LCMS of the
residue was obtained.

10

15

20

25

30

35

40

45

50

55

60

65

36

(Note: For functionalized hydroxylamine Wang resin test
cleavage was carried out using 50% TFA/DCM).

Preparation of Suberic Acid Derivatised
Hydroxylamine 2-Chlorotrityl Resin

O
OH
O
Stage 1—Immobilisation to 2 ;
Resin
O
OMe
O

NH, resin (6 g, loading 1.14 mmol/g, 6.84 mmol) and DCM
(60 ml) was added diisopropylethylamine (5.30, 41.0 mmol,
6 eq). Methyl 8-chloro-8-oxooctanoate (4.2 g, 20.5 mmol, 3
eq) was slowly added to the reaction mixture with orbital
shaking and the reaction mixture shaken for 48 hours. The
resin was filtered and washed using the standard washing
procedure. The resin was dried under vacuum. LCMS purity

was determined by ELS detection, 100%, m/z 204 [M™+H]".
Stage 2—Saponification

O OH

To a round bottomed flask charged with stage 1 resin (4 g,
loading 1.14 mmol/g, 4.56 mmol)was added THF (16 ml) and
MeOH (16 ml). To the reaction was added a solution of NaOH
(0.91 g, 22.8 mmol, 5 eq) 1 water (16 ml). The reaction
mixture was shaken for 48 hours. The resin was filtered and
washed with waterx2, MeOHx2, followed by the standard
wash procedure. The resin was drled under vacuum. LCMS
purity was determined by ELS detection, 100% m/z 190
[M™+H]".

Preparation of Cyclopentyl Esters

The esters were prepared according to one of the following,
methods.

Method A—Synthesis of
(S)-2-Amino-3-tert-butoxy-propionic acid
cyclopentyl ester

¥
BSOS
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Stage 1: (S)-2-Benzyloxycarbonylamino-3-tert-bu-
toxy-propionic acid cyclopentyl ester

~1

O
O
~~AAro
O

X
NF

(S)-2-Benzyloxycarbonylamino-3-tert-butoxy-propionic
acid (4 g, 0.014 mol) was dissolved in DMF (40 ml). Cyclo-
pentanol (2.54 ml, 0.027 mol) and dimethylaminopyridine
(0.165 g, 0.014 mol) were added. The solution was cooled to
0° C. using an ice bath and to 1t was added N-(3-dimethylami-
nopropyl)-N'-ethylcarbodiimide hydrochloride (2.73 g,
0.014 mol, 1.05 eq.). The mixture was stirred at 0° C. for 10
minutes and then allowed to warm to r.t. and stirred for a
turther 18 hours. To the reaction mixture was added water
(20-30 ml) followed by EtOAc (40 ml). The layers were
separated and the aqueous layer re-extracted with EtOAc (15
ml). The combined organic layers were washed with water
(4x20 ml), dried (MgSO, ) and the solvent removed in vacuo
to give a residue. Purification by column chromatography
(1:1 EtOAc/heptane) gave the product as a colourless o1l
(3.82 g, 78% yield). '"H NMR (300 MHz, CDCL,), &: 1.15
(OH, s, CH;x3), 1.50-1.90 (8H, m, CH,x4), 3.57 (1H, dd,
J=7.4, 1.2 Hz, CH), 3.85 (1H, dd, J=7.4, 1.2 Hz, CH), 4.45
(1H, m, CH), 5.15 (2H, s, CH,), 5.25 (1H, m, CH), 5.65 (1H,
d, CH, J=7.6 Hz), 7.30-7.50 (3H, m, ArHx3).

Stage 2: (S)-2-Amino-3-tert-butoxypropionic acid
cyclopentyl ester

O
O

(S)-2-Benzyloxycarbonylamino-3-tert-butoxy-propionic
acid cyclopentyl ester (3.82 g, 0.011 mol) was dissolved 1n
EtOH (50 ml). 20% wt. Palladium hydroxide (wet) was added
cautiously to the solution. The system was evacuated and put
under a hydrogen atmosphere for 4 hours. The system was
evacuated and the palladium residues filtered off through
Celite. The Celite was thoroughly washed with EtOH (3x5

ml). The solvent of the filtrate was removed 1n vacuo to give
the product as a colourless oil (2.41 g, 100% vyield). '"H NMR
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(300 MHz, CDCL,), &: 1.15 (9H, s, CH,x3), 1.50-1.90 (10H,
m, CH,x4, NI,), 3.50-3.70 (3H, m, CH,, CH), 5.22 (1H, s,
CH).

Method B—Synthesis of
(S)-Amino-cyclohexyl-acetic acid cyclopentyl ester

N

X

Stage 1:
(S)-tert-Butoxycarbonylamino-cyclohexyl-acetic
acid cyclopentyl ester

N\

AN

This was prepared 1n the same manner as (S)-2-benzyloxy-
carbonylamino-3-tert-butoxy-propionic acid cyclopentyl
ester (Method A, Stage 1) but from (S)-tert-butoxycarbony-
lamino-cyclohexyl acetic acid. "H NMR (300 MHz, CDCl.,),
0: 1.00-1.40 (10H, m, CHx10), 1.45 (9H, s, C(CH,);), 1.60-
2.00 (8H, m, 4xCH,), 4.15 (1H, m, CH), 5.05 (1H, d, NH,
J=7.6Hz), 5.25 (1H, m, CH).

Stage 2: (S)-Amino-cyclohexyl-acetic acid
cyclopentyl ester

O
O

(S)-tert-butoxycarbonylamino-cyclohexyl-acetic acid
cyclopentyl ester (1.17 g, 3.60 mmol) was dissolved 1n a
TFA/DCM muxture (1:1, 10 ml) at 0° C. The solution was
stirred for 90 minutes, the solvent removed in vacuo. The
residue was azetroped with a DCM/heptane mixture (2x) to
give a gum. The gum was redissolved in DCM (10 ml) and
washed with saturated aqueous NaHCO; solution (3x10 ml),
dried (MgSQO,) and filtered. The solvent of the filtrate was

removed 1n vacuo to give the product as an o1l (0.780 g, 78%
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yield). 'H NMR (300 MHz, CDCL,), &: 1.00-1.40 (10H, m,
CHx10), 1.50-2.00 (8H, m, CHx8), 3.25 (1H, d, CH,
J=7.2Hz), 5.20 (1H, m, CH).

Method C—=Synthesis of 5
(S)-2-Amino-4-methyl-pentanoic acid cyclopentyl
ester
10

&

15
Stage 1: (S)-2-Amino-4-methyl-pentanoic acid =
cyclopentyl ester toluene-4-sulfonic acid
25
[ 1 O O
S</ H3N™ 30
qJ o
O O

To a suspension of (S)-leucine (15 g, 0.11 mol) 1in cyclo-
hexane (400 ml) was added cyclopentanol (103.78 ml, 1.14
mmol) and p-toluene sulfonic acid (23.93 g, 0.13 mol). The
suspension was heated at reflux to effect solvation. After
refluxing the solution for 16 hours it was cooled to give a
white suspension. Heptane (500 ml) was added to the mixture
and the suspension was {iltered to give the product as a white
solid (35 g, 85% yield). "HNMR (300 MHz, MeOD), 8: 1.01
(6H, t, CH,x2, J=3.8 Hz), 1.54-2.03 (11H, m, 11xCH), 2.39
(3H, s, CH;), 3.96 (1H, t, CH, J=6.5 Hz), 5.26-5.36 (1H, m,
CH), 7.25 (2H, d, ArHx2, J=7.9 Hz), 7.72 (2H, d, ArHx2,
J=8.3 Hz).

35

40

45
Stage 2: Synthesis of
(S)-2-Amino-4-methyl-pentanoic acid cyclopentyl
ester
50
55
O
O
60

A solution of (S)-2-amino-4-methyl-pentanoic acid cyclo-
pentyl ester toluene-4-sulfonic acid (2.57 g, 0.013 mol) in
DCM (5 ml) was washed with saturated aqueous NaHCO,
solution (2x3 ml). The combined aqueous layers were back
extracted with DCM (3x4 ml). The combined organic layers
were dried (MgSQO,), and the solvent removed 1n vacuo to
give a colourless o1l (1.10 g, 80% vyield). "H NMR (300 MHz,

65

40
CDCl,), 8: 0.90 (6H, t, CH,x2, J=6.4 Hz), 1.23-1.94 (11H, m,
5xCH,, CH), 3.38 (1H, dd, CH, J=8.4, 5.9 Hz), 5.11-5.22
(1H, m, CH).

Method D—Synthesis of
(S)-2-Amino-3-tert-butylsulfanyl-propionic acid
cyclopentyl ester

K

S

Stage 1: (S)-3-tert-Butylsulfanyl-2-(9H-fluoren-9-
ylmethoxycarbonylamino)-propionic acid cyclopen-

tyl ester

S

N\

O

OO

“\

\__/

This was prepared 1in the same manner as (S)-2-Benzyloxy-
carbonylamino-3-tert-butoxy-propionic acid cyclopentyl
ester (Method A, Stage 1) but from (S)-3-tert-Butylsulfanyl-
2-(9H-tluoren-9-ylmethoxycarbonylamino)-propionic acid.
"H NMR (300 MHz, CDCl,), 8: 1.30 (9H, s, (CH,),), 1.55-
1.95(8H, m, CH,x4),3.05 (2H, d, CH,, J=4.8 Hz), 4.20-4.30
(1H,m,CH), 4.40(2H, d, CH2,J=7.5Hz), 4.65 (1H, m, CH),
5.25(1H,m,CH),5.70(1H, d, NH, J=7.8 Hz), 7.30-7.50 (4H,
m, ArHx4),7.65 (2H, d,J=7.5Hz, ArHx2), 7.80 (2H,d, I=7.5
Hz, ArHx2).

Stage 2: (S)-2-Amino-3-tert-butylsulfanyl-propionic
acid cyclopentyl ester

: O
O
(S)-3-tert-Butylsulfanyl-2-(9H-fluoren-9-ylmethoxycar-

bonylamino)-propionic acid cyclopentyl ester (1.63 g, 3.50
mmol) was dissolved 1na CH,CN (25 ml) at 0° C. Piperidine
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(21 ml) was added to the solution. After stirring for 30 min-
utes, the solvent was removed 1n vacuo to give a residue.
Purification by column chromatography (EtOAc eluent) gave
the product as a colourless oil (628 mg, 73% yield). '"H NMR
(300 MHz, CDCl,), 6: 1.30(9H, s, (CH;);), 1.55-1.95 (8H, m,
CH,x4),2.75(1H,dd,CH, J=7.2,12.3 Hz),2.95 (1H, dd, CH,
J=4.8,12.3 Hz), 5.25 (IH, m, CH).

The following N-Cbz protected amino acids were con-

verted to the cyclopentyl esters according to Method A
(above)

(S)-2-Benzyloxycarbonylamino-succinic acid 4-tert-butyl
ester

(S)-2-Benzyloxycarbonylamino-succinamic acid

(S)-2-Benzyloxycarbonylamino-4-carbamoyl-butyric acid

(S)-2-Benzyloxycarbonylamino-3-(4-tert-butoxy-phenyl)-
propionic acid
(S)-2-Benzyloxycarbonylamino-3-hydroxy-butyric acid
(S)-2-Benzyloxycarbonylamino-3,3-dimethyl-butyric acid
(S)-2-Benzyloxycarbonylamino-3-(1H-1ndol-2-yl)-propi-
onic acid
(S)-2-Benzyloxycarbonylamino-6-tert-butoxycarbony-
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The following N-Boc protected amino acids were con-
verted to the cyclopentyl esters according to Method B
(above)
tert-Butoxycarbonylamino-acetic acid
(S)-2-tert-Butoxycarbonylamino-3-methyl-pentanoic acid
(S)-Pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester
(S)-2-tert-Butoxycarbonylamino-3-methyl-butyric acid
(S)-2-tert-Butoxycarbonylamino-4-methylsulfanyl-butyric

acid

The following free amino acids were converted to the
cyclopentyl esters according to Method C (above)
(S)-Amino-phenyl-acetic acid
(S)-2-Amino-3-phenyl-propionic acid
(S)-2-Amino-propionic acid
(S)-2-Amino-4-methyl-pentanoic acid

Preparation of
6-formyl-benzo| b]thiophene-2-carboxylic acid
(1-1sobutoxy-ethoxy)amide

The Synthesis 1s outlined below 1n Scheme 7.

Additional literature references relating to this route can be
found within Zetrahedron Letters, 35, 2, 219-222 & WO

lamino-hexanoic acid 05/034880
Scheme 7
MeO ‘ O
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Stage 1: 4-(2-dimethylamino-vinyl)-3-nitrobenzoic
acid methyl ester

NO,

Methyl 4-methyl-3-nitrobenzoate (5 g, 25.6 mmol) was
dissolved mm DMF (25 mL, 5 vol) and to this was added
N,N-dimethyliformamide dimethylacetal (4.4 mlL, 33.3
mmol). The mixture was allowed to stir at 140° C.for3 h. The
resulting deep red solution was allowed to cool and concen-
trated under vacuum. The residue was triturated with metha-
nol and filtered. The filtrate was washed with methanol and
dried on the sinter to yield 4-(2-dimethylamino-vinyl)-3-ni-
trobenzoic acid methyl ester (5.2 g, 80%). 'H NMR (300
MHz, DMSO), o: 2.98 (6H, s, 2xCH;), 3.87 (3H, s, CH;),
5.58 (1H,m, CH),7.72-7.83 (3H, m, ArH), 8.32 (1H, m, CH).

Stage 2: 4-Formyl-3-nitrobenzoic acid methyl ester

/O\ﬂ/
O

To a solution of the enamine (5 g, 20.0 mmol) in THF (50
ml., 10 vol) and water (30 mL, 10 vol) was added sodium
periodate (12.8 g, 60.0 mmol) and the mixture allowed to stir
for 2 h. The mixture was filtered and the resulting solids
washed with EtOAc (500 mL). The organic layer was 1so0-
lated, washed with NaHCO, (3x100 mL) and dried (MgSQO,).
Concentration under vacuum aiforded 4-formyl-3-nitroben-
zoic acid methyl ester (3.9 g, 93%). LCMS m/z 210 [M™+H]",
'HNMR (300 MHz, DMSO), 8:3.96 (3H, s, OMe), 8.01 (1H,
d, ArH), 8.39 (1H, d, ArH), 8.54 (1H, s, ArH), 10.31 (1H, s,
CHO).

Stage 3: Benzo[b]thiophene-2,6-dicarboxylic acid
2-ethyl ester 6-methyl ester

/

OFt

\
/

MeO,C S

A mixture of 4-formyl-3-mitrobenzoic acid methyl ester
(3.9 g, 18.7 mmol), mercapto-acetic acid ethyl ester (2.2 mL,
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20.4 mmol) and K,CO; (3.3 g, 24 mmol) 1n DMF (40 ml, 10
vol) was heated to 50° C. overnight. After cooling to r.t. the
mixture was poured onto i1ce-cold water (250 mL) and the

resulting mixture stirred for 40 min. The solid formed was
1solated by filtration, washed with water (4x50 mL) and dried

under vacuum to afford the title compound (3.9 g, 80%).
LCMS m/z 265 [M*+H]", '"H NMR (300 MHz, CDCl,) é:
1.40 (3H, t J=6.8 Hz, CH,), 3.95 (3H, s, OMe), 4.40 (2H, q
J=7.2 Hz, CH,), 7.88 (1H, d J=8.0 Hz, ArH), 7.97-8.09 (2H,
m. ArH), 8.56 (1H, s, ArH).

Stage 4: Benzo[b]thiophene-2,6-dicarboxylic acid
2-ethyl ester

oW
HONC NP " /I\"/OEt
O

A mixture ol benzo[b]thiophene-2,6-dicarboxylic acid
2-ethyl ester 6-methyl ester (3.9 g, 14.77 mmol) and Lithium
1odide (10 g, 74.6 mmol) 1n anhydrous pyridine (30 ml, 9 vol)
was stirred at reflux for 16 h. After cooling to r.t., the mixture
was added (either as amelt or chipped out) to 1ce-cold 2N HCI
(200 mL). The solid formed was 1solated by filtration and
washed with water (3x350 mL). The product was purified by
recrystallisation from methanol to give the title compound
(1.8 g,49%). LCMS m/z 251 [M*+H]*, "HNMR (300 MHz,
DMSOQO), 0: 1.35(3H,tJ=6.9 Hz, CH,), 4.38 (2H, q J=7.1 Hz,
CH,), 7.99 (1H, d J=8.3 Hz, ArH), 8.12 (1H, d J=8.3 Hz,
ArH), 8.27 (1H, s, ArH), 8.70 (1H, s, ArH).

Stage 3:
6-Hydroxymethyl-benzo[b]thiophene-2-carboxylic
acid ethyl ester

/

HO OFLt

\
/

A solution of benzo[b]thiophene-2,6-dicarboxylic acid
2-ethyl ester (1.6 g, 6.4 mmol) in anhydrous THF (40 mL, 25

vol) was cooled to 0° C. To this BH,; (1M in THF, 30 mL, 30.0

mmol) was added slowly. The reaction was allowed to warm
to r.t. and stirred for 3 h. The solution was then cooled to 0° C.
and quenched using 1N HCI (7.5 mL). The reaction mixture
was concentrated under vacuum to remove all THF and the
resulting solid 1solated by filtration and dried under vacuum
to give 6-hydroxymethyl-benzo|b]thiophene-2-carboxylic
acid ethyl ester (1.3 g, 87%). LCMS m/z 237 [M*+H]*, 'H
NMR (300 MHz, DMSO), 6: 1.34 (3H, tJ=6.9 Hz, CH,), 4.35
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(2H, qJ=7.1 Hz, CH,), 4.65 (2H, s, CH,,), 6.53 (1H, br s, OH),
7.42 (1H, d J=9.4 Hz), 7.98 (3H, m, ArH), 8.18 (1H, s, ArH).

Stage 6:
6-Hydroxymethyl-benzo[b]thiophene-2-carboxylic
acid

HO OH

6-Hydroxymethyl-benzo[b]thiophene-2-carboxylic  acid
cthyl ester (2.4 g, 9.6 mmol, 1 eq) was dissolved in THF (10
ml., 4 vol) and water added (10mL) along with L1OH (0.69 g,
28.8 mmol). The reaction mixture was stirred at 50° C. for 3
h and then concentrated to dryness and taken onto the next
step without purification.

Stage 7:
6-hydroxymethyl-benzo|b]thiophene-2-carboxylic
acid (1-1sobutoxy-ethoxy)amide

HO\/‘ N J\[(ﬁ_o O\/J\
| T
O

To a solution of 6-hydroxymethyl-benzo[b]thiophene-2-
carboxylic acid (1.76 g, 8.4 mmol, 1 eq) in DMF was added

PyBrOP (4.3 g, 9.2 mmol), O-(sobutoxy-ethyl)-hydroxy-

/

<
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lamine (11.5 mL, 84.0 mmol) (prepared via procedure 1n
WOO0160785) and DIPEA (2.9 mL, 16.7 mmol). The reaction

mixture was allowed to stir at r.t. for 2 h then diluted with
water (40 mL) and EtOAc (40 mL). The organic layer was
1solated, washed with brine (50 mL) and concentrated. The
residue was purified by chromatography on silica gel eluting

with EtOAc/heptane (1:1) to afford the title compound (1.8 g,
67% over 2 steps). LCMS m/z 322 [M*-H]*, 'H NMR (300
MHz, MeOD), ¢6: 0.83 (6H, d J=6.6 Hz, 2xCH,), 1.32 (3H, d
J=5.9 Hz, CH;), 1.75 (1H, m, CH), 3.38 (2H, m, CH,), 4.63
(2H, s, CH,), 4.95 (1H, m, CH), 7.32 (1H, d J=8.2 Hz, ArH),
7.77 3H, m, ArH).

Stage 8: 6-Tformyl-benzo[b]thiophene-2-carboxylic
acid (1-1sobutoxy-ethoxy)amide

. ‘\)\‘ N—oa
NN N

To a solution of 6-hydroxymethyl-benzo[b]thiophene-2-
carboxylic acid (1-1sobutoxy-ethoxy)amide (600 mg, 1.86
mmol) m DCM (3 mL) was added MnQO,, (2.1 g, 24.1 mmol).
The mixture was stirred at ambient temperature for 30 min
and then filtered through celite. The filtrate was concentrated
to afford the title compound (4335 mg, 82%). LCMS m/z 320
[M*-H]*, "H NMR (300 MHz, MeOD), 8: 0.94 (6H, d J=6.7
Hz, 2xCH;), 1.45 (3H, d J=5.3 Hz, CH,), 1.87 (1H, m, CH),
3.40 (2H, m, CH2), 5.08 (1H, dd J=5.2, 10.6 Hz, CH), 7.89-
8.09 (3H, m, ArH), 8.55 (1H, s, ArH), 10.11 (1H, s, CHO).

Synthesis of Compounds 1n FIG. 1 as Exemplified
by Compound (1) and Compound (2)

FIG. 1

OH

.

R = cyclopenty 1
R=H 2

OH

Tz,

R = cyclopenty 3
R=H 4
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-continued

O O—R
O

J ., Ph
n*"“\ J\ N qfff / O

H
N OH
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H
O

R =ethyl 5
R=H 6

O O—R

O

, Ph
N w” O

q
N\r\/\/\)l\ _OH
N N
0 q
0O

R =ethyl 7
R=H 8

O
N OH
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O
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O—R

pp

O

R = cyclopenty 9
R=H 10

R = cyclopentyl 11
R=H 12
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N

O’T\(\/\/\){LE#OH

R = cyclopentyl 13
R=H 14
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-continued

R = cyclopentyl 15
R=H 16

X O
N ‘ N OH
r O Y F E,f
O

R_O\IK\N)J\ N 5
. H ‘ Z J\/\/\/\n/ﬁ
N \OH
H
O

R =cyclopentyl 17
R=H 18
O—R

O
O
“\\J ]\
R N
H

”ppy O

OH

any4

R = t-butyl 19

Preparation of Building Blocks A-G
Building Blocks A and B

35

o

-
b
L™

10 eq TMSCI 40
N-boc - -

NN \ MeOH

45

O
\\:———OME

NH

N \ 50
F

N
H

A

55‘

N-Boc-D-tetrahydro-beta-carboline-3-carboxylic  acid
(5.0 g, 15.8 mmol) and TMSCI (20 ml, 1358 mmol) in MeOH
(50 ml) were heated under reflux for 2 h. The reaction mixture
was evaporated to dryness to yield (R)-2,3,4,9-Tetrahydro-
1 H-beta-carboline-3-carboxylic acid methyl ester (building
block A). LCMS purity 100%. m/z 231 [M"+H]™, 461 [2M™ +
H]™. Building block A was used without further purification.

(5)-2,3,4,9-Tetrahydro-1H-beta-carboline-3-carboxylic
acid methyl ester (building block B) was obtained by the same 45
procedure as block A using N-boc-L-tetrahydro-beta-carbo-
line-3-carboxylic acid.

60

Building Block C

7,

50

O
H
HO
O
-
stage 1
NH
HCI anh.
MeOH

OH stage 2
O//7
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-continued

Stage 1: A solution of glyoxylic acid monohydrate (1.51 g,
16.4 mmol) 1n water (10 ml) was added dropwise to a stirred
solution of tryptamine. HCI (3.0 g, 15.3 mmol) in water (200
ml). KOH (0.827 g, 14.7 mmol) 1n water (10 ml) was added.
The reaction mixture was stirred at room temperature for 1 h
alter which time precipitation occurred. Following filtration
under reduced pressure the tetrahydro-beta-carboline-1-car-

boxylic acid was collected and washed with water. Yield 1.9
g (58%); m/z 217 [M™+H]".

Stage 2: A solution of tetrahydro-beta-carboline-1-car-
boxylic acid (7.4 g) 1n MeOH (250 ml) was saturated with
HCI gas for 20 min. The reaction mixture was gently stirred at
room temperature for 18 h. and ca. 80% conversion was
observed. The reaction mixture was re-treated with HCI gas
and allowed to stir for another 18 h. Upon completion of the
reaction the mixture was concentrated 1n vacuo to yield 2,3,
4.9-tetrahydro-1H-beta-carboline-1-carboxylic acid methyl
ester (building block C), LCMS purity 95%, m/z 231 [M™+
H]™. The product was used without further purification.

Building Block D

MeQ
HCI anbh.

MeOH

MeQO

6-Methoxy-2,3,4,9-tetrahydro-1H-beta-carboline-1-car-
boxylic acid methyl ester (building block D) was obtained
from esterification of 6-methoxy-tetrahydro-beta-carboline-
1 -carboxylic acid using the procedure as for building block C.
Building block D: LCMS purity 98%, m/z 261 [M™+H]".
Building block D was used without further purification.

Building Block E

‘ HCl

McOH
C

NH
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-continued
O

\O

C

NH

A solution 4-piperazin-1-yl-benzonitrile (1.5 g, 8.0 mmol)
in MeOH (1350 ml) was saturated with HCI gas. Water (0.17
ml) was added and the mixture was heated under reflux for 18
h. The reaction mixture was cooled to r.t. and was resaturated
with HCI gas. This was refluxed for a further 24 h. The
mixture was concentrated under reduced pressure yielding
4-Piperazin-1-yl-benzoic acid methyl ester (building block
E). LCMS purity 90%, m/z 221 [M*+H]". Building block E
was used without further purification.

Building Block F
‘ A /\ foL
MeOH
NH
NC / \/
/\ /\‘
MEO\[(‘\/\/NH
O
b

1,2,3,4-Tetrahydro-1soquinoline-7-carboxylic acid methyl
ester (building block F) was prepared following the same
procedure as for building block E. LCMS purity 89%. m/z
193 [M*+H]™. This product was used without further purifi-

cation.

Building Block G
G
O
\OJ\ ‘ \
P

NH,

4- Amino-benzoic acid methyl ester (building block G) was
commercially available
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Synthesis of Compounds (1) and Compound (2)

Stage 1: Coupling with Building Block

Hydroxylamine 2-chlorotrityl resin derivatized with

suberic acid (4.6 g, loading 1.14 mmol, 5.24 mmol) was
swollen 1n anhydrous DCM (50 ml). Building block A (4.76

g 135.72mmol)was added, followed by pyBOP (8.18 g, 15.72

mmol, 3 eq) and DIPEA (6.77 g, 52.4 mmol, 10 eq). The
reaction was shaken for 18 h, filtered and washed using the
standard wash procedure. The resin was dried under vacuum.

Note: For building block G, coupling using the above con-
dition gave ca. 10% conversion. Thus an alternative condition
was used: Stage 2 resin (1.0 g, loading 1.14 mmol) was
swollen 1n anhydrous DCM (100 ml). 1-Chloro-N,N-2-trim-
ethylpropenylamine (Ghosez reagent)' (7.53 ml, 57.0 mmol,
50 eq) was added at 0° C. under the atmosphere of N,. The
mixture was allowed to warm to room temperature and gently
shaken for 1-2 h. The aniline building block G (8.6 g, 57.0
mmol, 50 eq) was added portionwise over 20 min. Et;N (8.0
ml, 57.0 mmol, 50 eq) was added. The mixture was shaken for
18 h. LCMS after a test cleave shows 70% conversion, m/z
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323 [MT+H]", 645 [2M™+H]". The resin was filtered and
washed using the standard wash procedure. The resin was
dried under vacuum.

1. Ghosez et al, J. C. S. Chem. Comm., 1979, 1180.

Stage 2: Saponification

i L
T/\ .i“ OH O
N N\[(\/\/\)I\
O

Stage 1 resin (4.8 g, loading 1.14 mmol, 5.47 mmol) was
suspended in MeOH (17.5 ml) and THF (17.5 ml). A solution

of NaOH (1.1 g, 27.5 mmol, 5 eq) 1n water (17.5 ml) was
added. The mixture was shaken for 18 h. LCMS of the test
cleave confirmed the completion of reaction, m/z 388 [M™+
H]™, 775 [2M™+H]". The resin was filtered and washed with
waterx2, MeOHx2, followed by the standard wash proce-
dure. The resin was dried under vacuum.

Note: For building block E, saponification was carried out
using 10 eq. of 2.7M NaOH and was shaken for 72 h.

Stage 3: Coupling with L-phenylglycine cyclopentyl
ester

Stage 2 resin (2.4 g, loading 1.14 mmol, 2.7 mmol) was
suspended i anhydrous DCM (30 ml). L-phenylglycine
cyclopentylester tosyl salt (3.2 g, 8.1 mmol, 3 eq) was added,
followed by pyBOP (4.2 g, 8.1 mmol, 3 eq) and DIPEA (3.5
g 27.0 mmol, 10 eq). The mixture was shaken for 18 h. The
LCMS of the test cleave (1.e. a small quantity of resin was

washed using the standard wash procedure, dried, and
cleaved in 2% TFA/DCM. Resin was filtered off and filtrate

concentrated to dryness. LCMS was obtained) confirmed the
completion of reaction, m/z 589 [M*™+H]". The whole sample
of resin was filtered and washed using the standard wash
procedure. The resin was dried under vacuum.

Note.

For compounds 5-8, L-phenylalanine ethyl ester (3 eq) was
used.

For compound 19, L-phenylglycine t-butyl ester (3 eq) was
used.
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Stage 4: (S)—{[(R)-2-(7-Hydroxycarbamoyl-hep-
tanoyl)-2,3,4,9-tetrahydro-1H-beta-carboline-3-car-
bonyl]-amino }-phenyl-acetic acid cyclopentyl ester

(1)

Z
/_
an
O

Stage 3 resin (1.0 g, loading 1.14 mmol) was gently shaken
in 2% TFA/DCM (10 ml) for 20 mins. The resin was filtered.
The filtrate was collected and evaporated under reduced pres-

sure at room temperature. The resin was re-treated with 2%
TFA/DCM (10 ml) and after 20 mins. The combined filtrates
were evaporated to dryness under reduced pressure at r.t, the
residue (ca. 300 mg) was purified by preparative HPLC to
yield compound (1), m/z 589 [M*+H]*; 'H NMR (400 Mz,
CD,0D)o:1.3-1.7 (16H, m, CH,), 2.1-2.3 (2H, m, CH,), 2.5
(2H, m, CH,), 3.0-3.5 (2H, m, CH,), 4.5-4.8 (2H, m, CH,),
5.1 (1H,m,CO,CH), 5.2 (1H,dd, CH,CHNCO), 3.5-5.9 (1H,
d, CONHCHPh), 7.0-7.5 (9H, m, Ar).

The corresponding carboxylic acid was obtained by the
tollowing procedure

Stage 5: Saponification

Stage 3 resin (1.0 g, loading 1.14 mmol) was suspended 1n
MeOH (4 ml) and THF (4 ml). A solution of NaOH (0.23 g,
5.7 mmol)inwater (4 ml) was added. The mixture was shaken
for 18 h. LCMS of the test cleave confirmed the completion of
reaction, m/z 521 [M™+H]" . Resin was filtered and washed
with waterx2, MeOHx2, followed by the standard wash pro-
cedure. Resin was dried under vacuum.
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Stage 6: (S)—{[(R)-2-(7-Hydroxycarbamoyl-hep-
tanoyl)-2,3,4,9-tetrahydro-1H-beta-carboline-3-car-
bonyl]-amino }-phenyl-acetic acid (2)

p)
O Ph
H JJ\ OH
N t“
SN 0O
H
N O OH
N.-/
H
O

Stage S resin (1.0 g, loading 1.14 mmol) was cleaved using
the procedure outlined for Stage 6 yielding compound (2),
m/z 521 [M*+H]*"; '"H NMR (400 MHz, CD,OD), 8: 1.3-1.5
(4H, 2xCH,), 1.6-1.8 (4H, 2xCH,), 2.1-2.2 (2H, m, CH,),
2.4-2.77(2H, m, CH,),3.0-3.2 (1H, m),3.5 (1H, m), 4.55 (im),
4.9 (m), 5.1-5.35 (2H, m), (2H, m, CH,NCQO), 5.75-5.8 (1H,
2xd, NHCHPh), 7.0-7.5 (9H, m, Ar), 7.6 (d), 7.7 (d), 8.35 (d),
8.95 (s), 9.05 (s).

The following compounds were prepared according to the
procedure described for Compound (1) and Compound (2)

(S)—{[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,
4.9-tetrahydro-1H-beta-carboline-3-carbonyl]-
amino }-phenyl-acetic acid cyclopentyl ester (3)

Building Block B Used

LCMS purity 98%, m/z 589 [M*+H]*, '"HNMR (400 MHz,
MeOD), o: 1.20-1.40 (8H, m, 4xCH,), 1.40-1.80 (8H, m,
4xCH,), 2.10 (2H, m, CH,), 3.45 (2H, m, CH,), 5.0 (2H, m,
CH, overlaps with D,O peak), 5.25-5.45 (2H, m, 2xCH), 5.50
(1H, s, CONHCHPh), 7.00-7.50 (9H, m, Ar).

(S)—{[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,
4.9-tetrahydro-1H-beta-carboline-3-carbonyl]-
amino }-phenyl-acetic acid (4)

Building Block B Used

LCMS purity 100%, m/z 521 [M*+H]*, '"H NMR (400
MHz, MeOD), 06 1.30-1.50 (4H, m, 2xCH,), 1.55-1.80 (4H,
m, 2xCH,), 2.15 (2H, m, CH,), 2.60 (2H, m, CH,), 3.00-3.25
(2H, m, CH,), 3.40-3.55 (2H, m, CH,), 5.20-5.30 (1H, m,
CHCON), 5.35 (1H, s, NHCHPh), 7.05-7.50 (9H, m, Ar).

(S)-2-{[(R)-2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,
4.9-tetrahydro-1H-beta-carboline-3-carbonyl]-
amino }-3-phenyl-propionic acid ethyl ester (5)

Building Block A Used

LCMS purity 100% m/z 563 [M*+H]*, 'H NMR (400
MHz, MeOD), ¢ 1.00 (3H, t, CH;), 1.20-1.24 (4H, m,
2xCH,), 1.50-1.70 (4H, m, 2xCH,), 2.00 (2H, m, CH,),
2.30-2.50 (2H, m, CH,), 2.80-3.00 (2H, m, CH,), 4.05 (2H, q,
CO,CH,), 4.35-4.50 (1H, m, CH), 4.80-5.05 (2H, m, CH,),
5.40 (1H, s, NHPhCO), 6.80-7.30 (9H, m, Ar).

(S)-2-{[(R)-2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,
4.9-tetrahydro-1H-beta-carboline-3-carbonyl]-
amino }-3-phenyl-propionic acid (6)

Building Block A Used
LCMS purity 100%, m/z 534 [M*+H]*, '"H NMR (400
MHz, MeOD), 06 1.30-1.50 (4H, m, 2xCH,), 1.60-1.80 (4H,
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m, 2xCH,,), 2.15 (2H, m, CH,), 2.50 (2H, m, CH,,), 3.00 (2H,
m, CH,), 3.20 (2H, m, CH,), 4.30-4.80 (2H, m, CH,), 5.15
(1H, m, CH), 6.90-7.50 (9, m, Ar).

(S)-2-{[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,
4.9-tetrahydro-1H-beta-carboline-3-carbonyl |-
amino }-3-phenyl-propionic acid ethyl ester (7)

Building Block B Used

LCMS purity 100%, m/z 563 [M*+H]*, '"H NMR (400
MHz, MeOD), o 100 (3H, t, CH;), 1.30-1.50 (4H, m,
2><CH2) 1.60-1.70 (4H, m, 2xCH,), 2.10 (2H, m, CH,),
2.30-2.65 (2H, m, CH,), 2.95-3.20 (2H, m, CH,), 3.45 (1H,
m, CH), 4.05 (2H, q, CO,CH,), 4.35-4.50 (1H, m, CH),
4.80-5.05 (2ZH, m, CH,), 5.50 (1H, s, NHPhCQ), 6.90-7.50
(9H, m, Ar).

(S)-2-{[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,
4.9-tetrahydro-1H-beta-carboline-3-carbonyl |-
amino }-3-phenyl-propionic acid (8)

Building Block B Used

LCMS purity 100%, m/z 534 [M*+H]*, '"H NMR (400
MHz, MeOD), 06 1.30-1.50 (4H, m, 2xCH,), 1.60-1.80 (4H,
m, 2xCH,), 2.15 (2H, m, CH,), 2.50 (2H, m, CH,), 2.95-3.15
(2H, m, CH,), 3.20-3.50 (2H, m, CH,), 4.30-4.50 (2H, m,
2xCH), 4.80-5.20 (2H, m, CH,), 6.90-7.50 (9H, m, Ar).

(S)-{[2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-
tetra hydro-1H-beta-carboline-1-carbonyl]-amino } -
phenyl-acetic acid cyclopentyl ester (9)

Building Block C Used

LCMS purity 100%, m/z 589 [M*+H]*, 'H NMR (400
MHz, CDCl,), o 1.30- 1 80 (16H, m, 8xCH,), 2.15 (2H, m,
CH,), 2.45-2.70 (2H, m, CH,), 2.95 (2H, m, CH,), 3.55 (1H,
m, CH), 4.35 (1H, m, CH) 5.15 (1H, m, CO,CH), 5.45 (1H,
m, CH), 6.20 (1H, d, PhCHNH) 7.00-7.80 (9H, m, Ar), 8.80-

9.20 (1H, broad m, CHNIIOH).

(S)-{[2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-
tetrahydro-1H-beta-carboline-1-carbonyl]-amino } -
phenyl-acetic acid (10)

Building Block C Used

LCMS purity 100%, m/z 521 [M*+H]*, 'H NMR (400
MHz, MeOD), 0 1.30-1.50 (4H, m, 2xCH,), 1.60-1.80 (4H,
m, 2xCH,),2.15 (2H, m, CH,), 2.50-2.65 (2H, m, CH,), 2.95
(2H, m, CH,), 3.70 (1H, dd, CH), 4.30 (1H, dd, CH), 5.50
(1H, m, CH), 6.10 and 6.20 (0.5H each, s, Ph\CHNH) 7.00-
7.50 (9H, m, Ar). -

(S)-{[2-(7-Hydroxycarbamoyl-heptanoyl)-6-meth-
oxy-2,3,4,9-tetrahydro-1H-beta-carboline-1-carbo-
nyl]-amino }-phenyl-acetic acid cyclopentyl ester

(11)

Building Block D Used

LCMS purity 100%, m/z 619 [M*+H]*, '"H NMR (400
MHz, CDCl,;), 6 1.30-1.80 (16H, m, 8xCH,), 2.15 (ZH, m,
CH,), 2.50-2.65 (2H, m, CH,), 2.85 (2H, m, CH,), 3.70 (1H,
dd, CH), 3.80 (3H, s, OMe), 4.30 (1H, dd, CH), 5.20 (1H, m,
CO,CH), 5.30-5.50 (1H, m, CH), 6.15-6.20 (1H, d, PhC
HNH) 6.80-7.80 (8H, m, Ar), 8.80-9.00 (1H, m, CONHOH).

(S)-{[2-(7-Hydroxycarbamoyl-heptanoyl)-6-meth-
oxy-2,3,4,9-tetrahydro-1H-beta-carboline-1-carbo-
nyl]-amino }-phenyl-acetic acid (12)

Building Block D Used
LCMS purity 100%, m/z 551 [M*+H]*, '"H NMR (400
MHz, MeOD), 6 1.30-1.60 (8H, m, 4xCH,), 2.05 (2H, m,
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CH,), 2.50-2.65 (2H, m, CH,), 2.80 (2H, m, CH.), 3.55 (1H,
dd, CH), 3.70 (3H, s, OMe), 4.30 (1H, dd, CH), 5.30-5.50
(1H, m, CH), 5.90-6.10 (0.5H each, s, P\CHNH), 6.65 (1H,
m, Ar), 6.80 (1H, m, Ar), 7.10 (1H, m, Ar), 7.35 (5H, m, Ar).

(S)-{[2-(7-Hydroxycarbamoyl-heptanoyl)-6-meth-
0xy-2,3,4.9-tetrahydro-1H-beta-carboline-1-carbo-
nyl]amino }-phenyl-acetic acid cyclopentyl ester (13)

Building Block E Used

LCMS purity 95%, m/z 579 [M*+H]*, '"HNMR (400 MHz,
CDCl;), 0 1.40-1.90 (16H, m, 8xCH,), 2.15 (2H, m, CH,),
2.45(2H, m,CH,), 3.40 (4H, m, 2xCH,N), 3.60-3.80 (4H, m,
2xCH,N), 5.30 (1H, m, CO,CH), 5.70 (1H, d, PhCHNH),
6.90 (2H, d, Ar), 7.30-7.50 (6H, m, Ar), 7.80 (2H, d, Ar).

(S)-{[2-(7-Hydroxycarbamoyl-heptanoyl)-6-meth-
0xy-2,3,4,9-tetrahydro-1H-beta-carboline-1-carbo-
nyl]amino }-phenyl-acetic acid (14)

Building Block E Used

LCMS purity 100%, m/z 511 [M*+H]*, '"H NMR (400
MHz, MeOD), 6 1.30 (4H, m, 2xCH,), 1.50 (4H, m, 2xCH,),
2.00 (2H, t, CH,), 2.35 (2H, t, CH,), 3.30 (4H, m, 2xCH,N),
3.70 (4H, m, 2xCH,N), 5.55 (1H, s, PhCHNH), 6.90 (2H, d,
Ar), 7.30 (3H, m, Ar), 7.40 (2H, m, Ar), 7.70 (2H, d, Ar).

(S)-{[2-(7-Hydroxycarbamoyl-heptanoyl)-1,2,3.4-
tetrahydro-isoquinoline-7-carbonyl]-amino }-phenyl-
acetic acid cyclopentyl ester (15)

Building Block F Used

LCMS purity 100%, m/z 550 [M*+H]*, '"H NMR (400
MHz, CDCl;), 6 1.30-1.80 (16H, m, 8xCH,), 2.15 (ZH, m,
CH,), 2.45 (2H, m, CH,), 2.95 (2H, m, 2xCH,), 3.70-3.90
(2H, m, 2xCH,), 4.60-4.70 (2H, m, CH,), 5.25 (1H, m,
CO,CH), 5.70 (1H, m, PhCHNH), 7.20-7.70 (8H, m, Ar).

(S)-{[2-(7-Hydroxycarbamoyl-heptanoyl)-1,2,3,4-
tetrahydro-isoquinoline-7-carbonyl]-amino }-phenyl-
acetic acid (16)

Building Block F Used

LCMS purity 87%, m/z482 [M*+H]*, "HNMR (400 MHz,
MeOD), ¢ 1.30-1.50 (4H, m, 2xCH,), 1.60-1.70 (4H, m,
2xCH,), 2.15(2H, m, CH,), 2.50 (2H, m, CH,), 2.95 (2H, m,
2xCH,), 3.70 (2H, m, CH,), 4.80 (2H, m, CH,), 5.70 (1H, s,
PhCHNH), 7.20-7.80 (8H, m, Ar).

(S)-[4-(7-Hydroxycarbamoyl-heptanoylamino)-ben-
zoylamino]-phenyl-acetic acid cyclopentyl ester (17)

Building Block G Used
LCMS purity 94%, m/z 510 [M*+H]*, 'HNMR (400 MHz,
MeOD), ¢ 1.30-1.80 (16H, m, 8xCH,), 2.00-2.20 (4H, m,

2xCH,), 5.10-5.30 (1H, m, CO,CH), 5.70 (1H, m, PhC
HNH), 7.30-7.80 (9H, m, Ar).

(S)-[4-(7-Hydroxycarbamoyl-heptanoylamino)-ben-
zoylamino]-phenyl-acetic acid (18)

Building Block G Used
LCMS purity 100%, m/z 442 [M*+H]*, '"H NMR (400
MHz, MeOD), 6 1.30-1.40 (4H, m, 2xCH,), 1.50-1.70 (4H,
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m, 2xCH.,), 2.20 (2H, t, CH.,), 2.35 (2H, t, CH,), 5.70 (1H, s,
PhCHNH), 7.25-7.40 (3H, m, Ar), 7.50 (2H, d, Ar), 7.65 (2H,

d, Ar), 7.80 (2H, d, Ar).
(S)-{[(R)-2-(7-Hydroxycarbamoyl-heptanoyl)-2,,3,4j

9-tetrahydro-1H-beta-carboline-3-carbonyl]-amino } -
phenyl-acetic acid tert-butyl ester (19)

Building Block A Used

LCMS purity 100%, m/z 577 [M*+H]*, 'H NMR (400

MHz, CDCL,), & 1.20-1.40 (17H, m, 4xCH, and C(CH,),),
2.10 (2H, m. CH.). 2.45 ([, m, CH,). 3.15-3.60 (211, m,

CH,), 4.75 (2H, m, CH,), 5.35 (2H, m, PhCHNH and CH),
6.90-7.50 (9H, m, Ar).

Synthesis of Compound (20) and Compound (21)

casael

7

HO\”/\E/\/\ 5
O RN ‘

N N

T,

Stage 1: (S)-(4-Nitro-benzylamino)-phenyl-acetic
acid cyclopentyl ester

C/OWK\E/\/ ‘

NO,

A mixture of 4-nitrobenzyl bromide (15 g, 69.4 mmol),
L-phenylglycine cyclopentylester tosyl salt (27.1 g, 60.4
mmol) and potassium carbonate (19.6 g, 138.8 mmol) in
DMF (250 ml) was stirred at room temperature for 18 h. The
reaction mixture was diluted with EtOAc (300 ml) and
washed with water (3x200 ml). The EtOAc layer was 1s0-
lated, dried (Na,SQO,), filtered and concentrated to dryness
yielding an orange colour oil. A crude weight of 21 g was
isolated. LCMS purity 81%, m/z 355 [M™+H]™. This product

was used without further purification.

10

60

Stage 2: (S)-[tert-Butoxycarbonyl-(4-nitro-benzyl)-
amino|-phenyl-acetic acid cyclopentyl ester

YO
<j/ O I:‘mc RN ‘\

To a solution of Stage 1 product (15 g,42.37 mmol) in THF
(150 ml) was added K,CO, (6.9 g, 50.8 mmol), followed by

di-t-butyldicarbonate (22.2 g, 101.7 mmol). Water (150 ml)
was added and the reaction stirred at room temperature for 36

NO,

15 h. The reaction mixture was evaporated to dryness. The resi-
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due was redissolved 1n EtOAc (300 ml), washed consecu-

20

Z D

OH

21

7T

OH

tively with 0.1 M HCI (150 ml), sat. aq. NaHCO, and water
(150 ml). The EtOAc layer was dried (Na,SO,), filtered and
concentrated to dryness yielding a yellow oil. After purifica-
tion by column chromatography (10% EtOAc/hexane) the

product was obtained as clear yellow o1l (12 g, 62% yield).
LCMS purity 95%, m/z 455 [M™+H]™, 496 [M"+H+41]".

Stage 3: (S)-[(4-Amino-benzyl)tert-butoxycarbonyl-
amino |-phenyl-acetic acid cylopentyl ester

|II"I.:.1

=
A

boc

YT

A mixture of Stage 2 product (12 g, 26.4 mmol) and 10%
Pd/C (2.0 g) 1n EtOAc (350 ml) was hydrogenated at room
temperature for 18 h. The Pd/C catalyst was filtered oif
through a pad of celite. The filtrate was concentrated under
reduced pressure to yield a white solid (10.1 g, 90% vyield).

LCMS purity 100%, m/z 425 [M*+H]*, 466 [M*+H+41]".
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Stage 4: Coupling of Stage 3 Aniline

h

g

O .
s i
© Il JJ\/\/\/\H/E
QC
N \O
H
O

Hydroxylamine 2-chlorotrityl resin dermvatized with

suberic acid (1.0 g, loading 0.94 mmol) was swollen 1n anhy-

drous DCM (100 ml). 1-Chloro-N,N-2-trimethylpropeny-
lamine (Ghosez reagent)" (0.373 ml, 2.82 mmol, 3 eq) was
added at 0° C. under the atmosphere of N,,. The mixture was
allowed to warm to room temperature and gently shaken for
1-2 h. Stage 3 amline (1.2 g, 2.82 mmol, 3 eq) was added

portionwise over 20 min. Et;N (0.53 ml, 3.76 mmol, 4 eq) was
added. The mixture was shaken for 1 h. LCMS after a test

S R law
-

2NN gw
=

HO

O boc
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cleave shows 70% conversion, m/z 596 [M*+H]". The resin

was filtered and washed using the standard wash procedure.
The resin was dried under vacuum.

Stage 5: (S)-[4-(7-Hydroxycarbamoyl-heptanoy-
lamino)-benzylamino]-phenyl-acetic acid cyclopen-
tyl ester (20)

20

Tz,
7T

OH

Stage 4 resin (1.5 g, loading 0.94 mmol) was gently shaken
in 2% TFA/DCM (10 ml) for 20 mins. The resin was filtered.
The filtrate was collected and evaporated under reduced pres-
sure at room temperature. The resin was re-treated with 2%
TFA/DCM (10 ml) and after 20 mins filtered. The combined
filtrates were evaporated to dryness under reduced pressure at
r.t to give a residue. This residue was allowed to stand 1n 20%
TFA/DCM for 40 mins. After evaporation to dryness, also
under reduced pressure at r.t, the residue was purified by
preparative HPLC to yield compound (20) as the TFA sallt,
LCMS purity 95%, m/z 496 [M*+H]*, '"H NMR (400 MHz,
DMSQO), o: 1.30-1.50 (6H, m, 3xCH,), 1.50-1.70 (8H, m,
4xCH,), 1.80 (2H, m, CH,), 2.10 (2H, t, CH,), 2.45 (2H, t,
CH,), 4.1 (2H, dd, CH,NH), 5.25 (1H, m, CHOCQO), 5.35
(1H, m, OCOCHPh), 7.45 (2H, d, Ar), 7.60 (5H, m, Ar), 7.80
(2H, d, Ar), 10.00-10.10 (2H, brs), 10.50 (1H, s).

Stage 6: Saponification of cyclopentyl ester

7
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Stage 4 resin (2.5 g, loading, 0.94 mmol, 2.35 mmol) was
suspended 1n MeOH (8.7 ml) and THF (8.7 ml). An aq.
solution of 2.7 N NaOH (8.8 ml, 10 eq, 23.5 mmol) was
added. The mixture was shaken for 36 h. LCMS of the test

cleave confirmed the completion of reaction, m/z 528 [M™+
H]™". The resin was filtered and washed with waterx2, MeOHx

2, Tollowed by the standard wash procedure. The resin was
dried under vacuum.

Stage 7: (S)-[4-(7-Hydroxycarbamoyl-heptanoy-
lamino)-benzylamino|-phenyl-acetic acid (21)

h

HO
H 8
O N

O

-ll"f-g

T

5

10

15

20

64

Stage 6 resin (2.5 g, loading 0.94 mmol, 2.35 mmol) was
cleaved and boc deprotected using the procedure outlined for
Stage 5. The crude product (0.40 g) was purified by prepara-
tive HPLC giving compound (21) as the TFA salt. LCMS
purity 100%, m/z 428 [M*+H], 'H NMR (400 MHz,
CD;0D), 6: 1.30 (4H, 2xCH,), 1.55 (4H, 2xCH,), 2.00 (2H,
t, CH,), 2.30 (2H,t,CH,),3.90(1H, s, NHCH,), 4.05 (2H, dd,
NHCH,), 4.95 (1H, s, CHPh), 7.35 (2H, d, Ar), 7.40 (5H, m,
Ar), 7.55 (2H, d, Ar).

Synthesis of Compound (22) and Compound (23)

) 2
N OH
L e [ "
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Stage 1:
(S)-(4-Nitro-benzenesulfonylamino )-phenyl-acetic
acid
®
.
O\ //O
\S OH
SN ™~ N
‘ H
O
OQN/ S

To a solution of L-phenylglycine (0.227 g, 1.5 mmol) in
water (5 ml) and dioxane (5 ml) was added triethylamine
(0.42 ml, 3.0 mmol) followed by slow addition of 4-nitroben-
zene sulphonyl chloride (0.5 g, 2.3 mmol) 1n dioxane (5 ml) at
0° C. After stirring for 45 minutes the reaction mixture was
evaporated to dryness, re-dissolved 1n EtOAc and washed
with saturated NaHCO, solution (2x20ml) and water (10 ml).
The EtOACc layer was dried over Na,SO,, filtered and evapo-
rated to dryness. LCMS punty 75%, (molecular ion not
observed) yield 0.58 g, (76%). This material was used without
any purification.

Stage 2:
(S)-(4-Nitro-benzenesulfonylamino )-phenyl-acetic
acid cyclopentyl ester

R

X
F

YYD
H
AN O
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To a solution of stage 1 acid (4.32 g, 12.8 mmol) in cyclo-
pentanol (60 ml) at 0° C. was added slowly thionyl chloride
(9.3 ml, 128 mmol). The reaction mixture was stirred and
heated under reflux at 70° C. for 2 hours. The excess thionyl
chloride was removed by evaporation 1n vacuo, the reaction
mixture was extracted into EtOAc and washed with saturated
NaHCO, solution and dried over Na,SO,, filtered and evapo-
rated to dryness. Flash column chromatography purification
with DCM gave the required product (3.6 g, 70% yield).
LCMS purity of 100%, (molecular ion not observed).

Stage 3:
(S)-(4-Amino-benzenesulfonylamino)-phenyl-acetic
acid cyclopentyl ester

H,N

A mixture of (S)-(4-Nitro-benzenesulionylamino)-phe-
nyl-acetic acid cyclopentyl ester (5.29 g, 13.1 mmol) and
10% Pd/C (5.0 g) in EtOAc (350 ml) was hydrogenated under
balloon pressure at room temperature for 24 h. The Pd/C
catalyst was filtered off through a pad of celite. The filtrate
was concentrated under reduced pressure to yield the required
product (4.54 g, 92% vield). LCMS punity 100%, m/z 375
[M™+H]™.

Stage 4: Coupling of Anline

R
S

2z,

Hydroxylamine 2-chlorotrityl resin dernivatized with
suberic acid (0.39 g, loading 1.14 mmol/g) was swollen 1n

anhydrous DCM (25 ml) and at 0° C. under N, atmosphere
1-chloro-N,N, 2-trimethylpropenylamine (0.175 ml, 1.33
mmol) added dropwise. The reaction mixture was shaken for
1.5 hours. A solution of stage 3 aniline (0.5 g, 1.33 mmol) 1n
DCM (25 ml) was added followed by triethylamine (0.25 ml,
1.”76 mmol). The reaction mixture was shaken for a further 10
minutes. LCMS after a test cleave showed 61% conversion,
m/z 546 [M™+H]™. The resin was filtered and washed using
the standard wash procedure. The resin was dried under
vacuum and used 1n the next step.
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Stage 5: (S)-[4-(7-Hydroxycarbamoyl-heptanoy-
lamino )-benzenesulfonylamino]-phenyl-acetic acid
cyclopentyl ester (22)

L

7T

7T

7\

O O

Stage 4 resin (1.12 g, loading 1.14 mmol/g) was gently
shaken 1n 2% TFA/DCM (10 ml) for 20 mins. The resin was
filtered. The filtrate was collected and evaporated under
reduced pressure at room temperature. The resin was re-
treated with 2% TFA/DCM (10 ml) and after 20 mins filtered.
The combined filtrates were evaporated to dryness under
reduced pressure at room temperature to give a residue. The
residue was purified by preparative HPLC to yield compound

20

08

(22). LCMS purity 93%, m/z 546 [M*+H]*, 'H NMR (400
MHz, DMSO), 8: 1.20-1.68 (16H, m, 8xCH,), 1.93 (2H, t,
CH,), 2.33 (2H, t, CH,), 4.80 (1H, m, CHOCO), 4.81 (1H, d,

OCOCHPh), 7.27 (5H, m, Ar), 7.65 (2H, d, Ar), 7.71 (2H, d,
Ar), 8.67 (1H, brs), 8.75 (1H, d), 10.24 (1H, s), 10.34 (1H, s).

Stage 6: Saponification of cyclopentyl ester

®
G
O O
\\S// OH
O ‘/\/ \E
r&/\/ O
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Stage 4 resin (1.2 g, loading 1.14 mmol/g) was suspended
in THF (8 ml) and methanol (8 ml) and 2.7M sodium hydrox-
ide (5.1 ml, 13.68 mmol) was added. The mixture was shaken
for 48 h. LCMS of the test cleave confirmed the completion of
reaction, m/z 478 [M™+H]". The resin was filtered and
washed with waterx2, MeOHx2, followed by the standard
wash procedure. The resin was dried under vacuum.

Stage 7: (S)-[4-(7-Hydroxycarbamoyl-heptanoy-
lamino)-benzenesulionylamino|-phenyl-acetic acid

(23)
O
H
N _0OH
H H
N O
HO ™9
VAN
O O

Stage 6 resin (1.2 g, loading 1.14 mmol/g) was gently
filtered. The filtrate was collected and evaporated under
reduced pressure at room temperature. The resin was re-
treated with 2% TFA/DCM (10 ml) and after 20 mins filtered.
The combined filtrates were evaporated to dryness under
reduced pressure at room temperature to give a residue. The
residue was purified by preparative HPLC to yield compound
(23). LCMS purity 91%, m/z 478 [M*+H]*, "H NMR (400
MHz, MeOD), o: 1.44 (4H m, 2xCH,), 1.62-1.74 (4H, m,
2xCH,), 2.12 (2H, t, CH,), 2.34 (1H, m, OCOCHPh), 2.41
(2H, t, CH,), 7.25 (SH m, Ar), 7.69 (2H, d, Ar), 7.72 (2H, d,
Ar).
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Synthesis of Compounds (24) and Compound (25)
24
®
\_/ 0
0 JJ\/ N
e dbuld j
. \/I\ J\/ A o
Z N\ <
H H
O
25
= O
HO /“\/O
\n/\E ‘ A ‘ 0
O N OH
a \N/ \/ N./'
H H
O
Stage 1: (2,3,4,9-Tetrahydro-1H-beta-carbolin-6- A mixture of S-carboxymethoxy tryptamine (1.24 g, 4.56
yloxy)-acetic acid methyl ester mmol), 36% aq formaldehyde and MeOH (25 ml) was heated
15 underreflux tor 1.5 h. The reaction mixture was evaporated to
dryness. MeOH (50 ml) and TMSCI1 (1.24 ml) were sequen-
tially added. Reflux was continued for 1 h. Reaction mixture
JCJ)\/ was evaporated to dryness and was used in the next stage
O without purification.
MO \‘ AN ‘/\‘ 40 P
\/\NJ\/ N
H Stage 2: Amidation
)J\/ O
MeO \‘ X ‘ O
\/\N P \/N
H
O
Hydroxylamine 2-chlorotrityl resin dernivatized with
60 suberic acid (2.0 g, loading 1.14 mmol/g, 2.28 mmol) was
suspended 1 DCM (40 ml). pyBOP (3.56 g) was added
tollowed by a DCM solution (40 ml) of Stage 1 amine (4.56
mmol) and DIPEA (3.9 ml, 22.8 mmol). The reaction was
shaken at room temperature for 18 h. LCMS after test cleave
65 coniirmed the completion of reaction. The resin was filtered

and washed using the standard wash procedure and was thor-
oughly dried.
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Stage 3: Saponification of methyl ester

Stage 2 resin (2.0 g, 1.14 mmol/g, 2.28 mmol) was sus-

pended 1n a mixture of THF (10 ml) and MeOH (10ml). 1.4M
NaOH (10ml) was added over 5 min. The mixture was shaken
for 18 h. LCMS after test cleave confirmed the completion of
reaction. The resin was filtered and washed using the standard
wash procedure.

15

20
Stage 4: Coupling with L-phenylglycine cyclopentyl

ester

/

Y S~ O

O \/\/N

\

Tz,

35

Stage 3 resin (2.0 g, loading 1.14 mmol/g, 2.28 mmol) was
suspended in DCM (30 ml). pyBOP (3.56 g, 6.84 mmol) was

added, followed by L-phenylglycine cyclopentyl ester (2.59
g  6.84 mmol) and DIPEA (3.9 ml, 22.8 mmol). The mixture
was shaken for 18 h. LCMS after test cleave confirmed Y

completion of reaction. The resin was filtered, washed using
standard wash procedure and dried under vacuum.

Stage 5: (S)-{2-[2-(7-Hydroxycarbamoyl-hep-
tanoyl)-2,3.,4,9-tetrahydro-1H-beta-carbolin-6- 45
yloxy]-acetylamino } -phenyl-acetic acid cyclopentyl
ester (24)

R

\
TV

«

T,
Tz,

Stage 4 resin (0.8 g, loading 1.14 mmol/g, 0.91 mmol) was DMSO), o: 1.05-1.66 (16H, m, 8xCH,), 1.79 (2H, m, CH,),
cleaved using 2% TFA/DCM (3x10 ml). The filtrate was 2.16-2.31 (2H, m, 2.41-2.56 (2H, m, CH,), 3.60 (2H, m,

evaporated to dryness at room temperature under reduced CH,), 4.42 (2H, s, CH,), 4.49 (2H, s, CH,), 4.93 (1H, m, C
pressure to give an oily residue (200 mg) which was purified g5 HOCO), 5.28 (1H, m, OCOCHPh), 6.59 (1H, d, Ar), 6.65
by preparative HPLC to give compound (24) as the TFA sallt. (1H, s, Ar), 7.04 (1H, d, Ar), 7.21 (5H, m, Ar), 8.57 (1H, m),
LCMS purity 95%, m/z 619 [M*+H]*, 'H NMR (400 MHz, 10.17 (1H, s), 10.58 (1H, s, Ar).
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Stage 6: Saponification of cyclopentyl ester

15
Stage 4 resin (1.0 g, loading 1.14 mmol/g, 1.14 mmol) was

saponified according to the the procedure described 1n Stage
3.

Stage 7: (S)-{2-[2-(7-Hydroxycarbamoyl-hep-
tanoyl)-2,3,4,9-tetrahydro-1H-beta-carbolin-6-
yloxy]-acetylamino } -phenyl-acetic acid cyclopentyl
ester (25)

20

O

Stage 6 resin (1.0 g, loading 1.14 mmol/g, 1.14 mmol) was
cleaved and punfied using the procedure detailed 1n stage 5.
Compound (25): LCMS purity 97%, m/z 551 [M*+H]*, 'H
NMR (400 MHz, MeOD), o: 1.33-1.49 (4H, m, 2xCH,),
1.58-1.75 (4H, m, 2xCH,), 2.06-2.17 (2H, m, CH,), 2.51-
2.60 (2H, m, CH,), 2.70-2.83 (2H, m, CH,), 3.85-3.96 (2H,
m, CH,), 4.61 (2H, m, CH,), 4.78 (2H, m, CH,), 5.56 (1H, s, 45
OCOCHPh), 6.89 (1H, m, Ar), 7.00 (1H, s, Ar), 7.26 (1H, m,
Ar), 7.35 (5H, m, Ar).

40

Synthesis of Compounds 1n FIG. 2 as Exemplified
by Compound (26) and Compound (27) 50

FI1G. 2

\

55

/

R = ethyl 26
R=H 27 65
R =cyclopentyl 28
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H 30
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ethyl 32
H 33
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_continued 3-Nitrobenzyl bromide (10.0 g, 46 mmol) was dissolved 1n
DMF (180 ml) and potassium carbonate (12.7 g, 92 mmol)
added, followed by L-phenylalanine ethyl ester hydrochlo-
ride (10.6 g, 46 mmol). The reaction was stirred for 17 h at

> room temperature before evaporating to dryness. The residue
was re-dissolved 1n EtOAc (150 ml) and washed with water
(3x80 ml), dried (Na,SQO,) filtered and concentrated to dry-
ness. After purification by flash column chromatography

O O O (30% EtOAc/hexane) the product was obtained (3.7 g, 24%
10 yield). LCMS purity 86%, m/z 329 [M*+H]".

aw
-
\
pun
ZiT
=z,
O
/
=

R = ‘Butyl 35
R = cyclopentyl 36
R=H 37 Stage 2: (S)-2-[tert-Butoxycarbonyl-(3-nitro-ben-

zyl)-amino|-3-phenyl-propionic acid ethyl ester
15

N N 0
Ph
o YRS -
O O O O->N O
P 20 2 N ~
R=H 38 )\ 5
R = cyclopentyl 39
O ﬂo\

25

7

Synthesis of Compound (26) and Compound (27)

26
O
HO % O
O \/ O
27
O
HO % OH
O \/ O

Stage 1: (5)-2-(3-Nitro-benzylamino)-3-phenyl-pro- 2 Stage 1 amine (13.4 g, 40.9 mmol) was dissolved in THF
pionic acid ethyl ester (250 ml) before addition of potassium carbonate (8.46 g, 61.4

N mmol) and water (150 ml). Di-‘butyl-dicarbonate (35.6. 163

‘ mmol) was added and the reaction mixture heated to 50° C.

X 60 for 18 h. DCM was added the resultant mixture washed con-

secutively with 0.1 M HCI (150 ml), sat. aq. NaHCO, and

OzN\ N N O\/ water (150 ml). The DCM layer was dried (Na,SQO,), filtered
H and concentrated to dryness. After purification by tlash col-

P O s umn chromatography (5% EtOAc/hexane) the product was

isolated (9.4 g, 54% vield). LCMS punty 95%, m/z 428
[M™+H]".
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Stage 3: (S)-2-[(3-Amino-benzyl)-tert-butoxycarbo-
nyl-amino]-3-phenyl-propionic acid ethyl ester

Ph
HzN\ ‘/\ /\N O\/
\/ O)\O V

Stage 2 carbamate (4.92 g, 11.5 mmol) was dissolved 1n
EtOAc (150 ml) betfore addition of Pd/C (10% wet) catalyst

(0.8 g) and hydrogenated under balloon pressure at room
temperature for 18 h. The reaction mixture was filtered
through a pad of celite and evaporated to dryness to give a red
solid (4.0 g, 89% vield). LCMS purity 100%, m/z 399 [M™+
H]™.

Stage 4: Coupling to Resin

Ph

Hydroxylamine 2-chlorotrityl resin dermvatized with

suberic acid (1.0 g, loading 0.83 mmol/g) was swollen 1n
DMF (15 ml) and PyBOP (1.36 g, 2.61 mmol) added, fol-

lowed by DIPEA (1.5 ml, 8.7 mmol). Stage 3 aniline (1.04 g,
2.61 mmol) was dissolved in DCM (15 ml) and added to the
reaction mixture. The reaction was shaken for 24 h at room
temperature. LCMS after a test cleave indicated 86% conver-
sion, m/z 570 [M™+H]". The resin was filtered and washed
using the standard wash procedure. The resin was dried under
vacuum.

Stage 3: (S)-2-[3-(7-Hydroxycarbamoyl-heptanoy-
lamino)-benzylamino]-3-phenyl-propionic acid ethyl
ester (26)

Ph
g H
N O
o~ % N N~
H
O O O

Stage 4 resin (1.3 g, loading 0.83 mmol) was gently shaken
in 2% TFA/DCM (10 ml) for 20 mins. The resin was filtered.
The filtrate was evaporated under reduced pressure at room
temperature. The resin was re-treated with 2% TFA/DCM (10
ml) and was filtered after 20 mins. The combined filtrates
were evaporated to dryness under reduced pressure at room
temperature to give an o1ly residue. The residue was allowed
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to stand 1n 20% TFA/DCM for 40 mins. After evaporation to
dryness, also under reduced pressure at room temperature, the
crude product was purified by preparative HPLC to yield
compound (26). LCMS purity 100%, m/z 470 [M*+H]*, 'H
NMR (400 MHz, MeOD), o: 1.08 (3H, t, CH,), 1.35-1.45
(4H, m, 2xCH,), 1.60-1.80 (4H, m, 2xCH,), 2.10 (2H, t,
CH,),2.40(2H,t,CH,),3.13 (1H, dd, PhCHH), 3.40 (1H, dd,
PhCHH), 4.11 (2H, q, CH,CH,), 4.14-4.22 (3H, m), 7.20-
7.48 (8H, m, Ar), 7.92 (1H, s, Ar).

Stage 6: Saponification

Ph

OH

Stage 4 resin (1.4 g, loading 0.83 mmol) was suspended in
THF (8.6 ml) and methanol (8.6 ml) and 1.4M sodium
hydroxide solution (8.6 ml, 5.98 mmol) was added. The mix-
ture was shaken for 24 hours belore test cleavage revealed
83% conversion to required acid, m/z 541 [M*+H] The resin
was filtered and washed with waterx2, MeOHx2, followed by
the standard wash procedure. The resin was dried under
vacuum.

Stage 7: (S)-2-[3-(7-Hydroxycarbamoyl-heptanoy-
lamino)-benzylamino]-3-phenyl-propionic acid (27)

Ph

OH

e
O
\
jz:m
7T
7,

Stage 6 resin (1.44 g, loading 0.83 mmol) was gently
shaken 1 2% TFA/DCM (10 ml) for 20 mins. The resin was
filtered. The filtrate was evaporated under reduced pressure at
room temperature. The resin was re-treated with 2% TFA/
DCM (10 ml) and was filtered after 20 mins. The combined
filtrates were evaporated to dryness under reduced pressure at
room temperature to give an oily residue. The residue was
allowed to stand 1n 20% TFA/DCM for 40 mins. After evapo-
ration to dryness, under reduced pressure at room tempera-
ture, the crude product was purified by preparative HPLC to
yield compound (27). LCMS purity 100%, m/z442 [M™+H] ™,
"H NMR (400 MHz, MeOD), 8: 1.35-1.48 (4H, m, 2xCH.,),
1.60-1.78 (4H, m, 2xCH,), 2.10 (2H, t, CH,), 2.40 (2H, t,
CH,), 3.20 (1H, dd, PhCHH), 3.28 (1H, dd, PhCHH), 3.90
(1H, t, OCOCH), 4.14 2H, m), 7.15 (1H, d, Ar), 7.26 (6H, m,
Ar), 7.51 (1H, d, Ar), 7.73 (1H s, Ar).

The following compounds were prepared according to the
procedure described for compound (26) and compound (27)
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(S)-2-[3-(7-Hydroxycarbamoyl-heptanoylamino)-
benzylamino]-3-phenyl-propionic acid cyclopentyl
ester (28)

LCMS purity 100%, m/z 510 [M*+H]*, '"H NMR (400
MHz, MecOD), o: 1.00-1.61 (16H, m, 8xCH,), 1.90 (2H, t,
CH,), 2.20 (2H, d, CH,), 2.90 (1H, dd, PhCHH), 3.20 (1H,
dd, PhCHH), 4.00-4.11 (3H, m), 4.91 (1H, m), 7.00-7.25 (8H,
m, Ar), 7.75 (1H, s, Ar).

(S)-2-]3-(7-Hydroxycarbamoyl-heptanoylamino)-
benzylamino]-4-phenyl-butyric acid ethyl ester (29)

LCMS purity 100%, m/z 484 [M*+H[*, '"H NMR (400
MHz, MeOD), §: 1.23-1.29 (7H, m, CH,, 2xCH.,), 1.53 (2H,
t, CH,), 1.62 (2H, t, CH,), 1.99 (2H, t, CH.,), 2.11-2.16 (2H,

m, CH,), 2.28 (2H,t,CH,), 2.53-2.61 (1H, m, CH), 2.65-2.76
(1H, m, CH), 3.80-3.90, (1H, m, CHCO,Et), 4.05 (2H, s,

CH,), 4.21 (2H, g, CH,), 7.05-7.15 (3H, m, Ar), 7.15-7.22
(2H, m, Ar), 7.25-7.39 (2H, m, Ar), 7.75 (1H, s, Ar).

(S)-2-[3-(7-Hydroxycarbamoyl-heptanoylamino)-
benzylamino]-4-phenyl-butyric acid (30)

LCMS purity 100%, m/z 456 [M*+H]*, 'H NMR (400
MHz, MeOD), §: 1.27-1.32 (4H, m, 2xCH.,), 1.53 (2H, t,
CH,), 1.62 (2H, t, CH,), 1.99 (2H, t, CH,), 2.11-2.16 (2H, m,
CH.,), 2.29 (2H, t, CH,), 2.57-2.64 (1H, m, CH), 2.69-2.77
(1H, m, CH), 3.84-3.87 (1H, m, CHCO,H), 4.12 (2H, q,
CH,), 7.09-7.11 (4H, m, Ar), 7.16-7.20 (2H, m, Ar), 7.27-
7.35 (2H, m, Ar), 7.78 (1H, s, Ar).

(S)-2-]3-(7-Hydroxycarbamoyl-heptanoylamino)-
benzylamino|-4-phenyl-butyric acid cyclopentyl
ester (31)

LCMS purity 100%, m/z 524 [M*+H[*, "H NMR (400
MHz, MeOD), &: 1.20-1.35 (4H, m), 1.45-1.62 (10H, m),
1.85 (2H, m), 2.00 (2H, t, CH,), 2.10 (2H, m), 2.28 (2H, t,
CH,), 2.55 (1H, m), 2.68 (1H, m), 3.88 (1H, t, OCOCHNH),
4.11 (2H, s, CH,Ph), 5.24 (1H, m) 7.02-7.12 (4H, m, A7), 7.18
(2H, m, Ar), 7.30 (2H, m, Ar), 7.80 (1H, s, Ar).

(S)-3-tert-Butoxy-2-[3-(7-hydroxycarbamoyl-hep-
tanoylamino)-benzylamino|-propionic acid ethyl
ester (32)

LCMS purity 90%, m/z 466 [M*+H]*, 'H NMR (400 MHz.
MeOD), &: 1.25 (9H, s, C(CH,),), 1.35 (3H, t, CH,CH,),
1.35-1.45 (4H, m, 2xCH.,), 1.62-1.76 (4H, m, 2xCH.,), 2.12
(2H, t, CH,), 2.40 (2H, t, CH.,), 3.89 (1H, m), 3.98 (1H, m),
4.20-4.40 (5H, m), 7.25 (1H, d, Ar), 7.39-7.50 (2H, m, Ar),
7.90 (1H, s, Ar).

(S)-3-tert-Butoxy-2-[3-(7-hydroxycarbamoyl-hep-
tanoylamino )-benzylamino]-propionic acid (33)

LCMS purity 86%., m/z 438 [M*+H]*, "H NMR (400 MHz.
MeOD), §: 1.20 (9H, s, C(CH,),), 1.38 (4H, m, 2xCH,),
1.57-1.75 (4H, m, 2xCH,), 2.10 (2H, t, CH,), 2.39 (2H, t,
CH.,), 3.78-3.85 (3H, m), 4.26 (2H, s, CH,Ph), 7.21 (1H, d,
Ar), 7.39 (1H, t, Ar), 7.50 (1H, d, Ar), 7.80 (1M, s, Ar).
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(S)-3-tert-Butoxy-2-[3-(7-hydroxycarbamoyl-hep-
tanoylamino )-benzylamino]-propionic acid cyclo-

pentyl ester (34)

LCMS purity 94%, m/z 506 [M*+H]|*, 'HH NMR (400 MHz,
MeOD), §: 1.25 (9H, s, C(CH,),), 1.33-1.50 (4H, m, 2xCH,),
1.60-2.00 (12H, m), 2.13 (2H, t, CH,), 2.42 (2H, t, CH,),
3.83-4.00 (2H, m), 4.18 (1H, m), 4.28 (2H, s, CH,Ph), 5.35
(1H, m), 7.25 (1H, m, Ar), 7.45 (2H, m, Ar), 7.90 (1H, s, Ar).

(S)-[3-(7-Hydroxycarbamoyl-heptanoylamino )-ben-
zylamino]-phenyl-acetic acid tert-butyl ester (35)

LCMS purity 97%, m/z 484 [M*+H]*, "HNMR (400 MHz,
MeOD), o: 1.30 (13H, m, 2xCH,, C(CHj;);), 1.45-1.65 (4H,
m, CH,x2), 1.93-2.05 (2H, m, CH.,), 2.20-2.40 (2H, m, CH,,),
3.99(2H, q,CH,), 4.65-4.95 (1H, m, CH, masked signal) 7.05
(1H, d, Ar), 7.25-7.33 (2H, m, Ar), 7.35-7.50 (SH, m, Ar),
7.75 (1H, s, Ar).

(S)-[3-(7-Hydroxycarbamoyl-heptanoylamino )-ben-
zylamino]-phenyl-acetic acid cyclopentyl ester (36)

LCMS purity 100%, m/z 496 [M*+H]*, "H NMR (400
MHz, MeOD), §: 1.30-1.70 (16H, m, 8xCH,), 2.00 (2H, t,
CH,), 2.30 (2H, t, CH,), 4.05 (2H, dd, CH,NH), 5.00 (1H, m,
OCOCHPh), 5.15 (1H, m, CHOCO), 7.05 (1H, m, Ar), 7.30
(2H, m, Ar), 7.40 (5H, m, Ar), 7.75 (1H, m, Ar).

(S)-[3-(7-Hydroxycarbamoyl-heptanoylamino)-ben-
zylamino|-phenyl-acetic acid (37)

LCMS purity 100%, m/z 428 [M*+H]*, "H NMR (400
MHz, MeOD), &: 1.20-1.35 (4H, m, 2xCH,,), 1.50-1.65 (4H,
m, 2xCH,), 2.00 (2H, m, CH,), 2.30 (2H, m, CH,,), 4.00 (2,
dd, CH,NH), 4.90 (1H, m, OCOCHPh), 7.05 (1H, m, Ar),
7.25-7.50 (7H, m, Ar), 7.70 (1H, m, Ar).

(S)-2-[3-(7-Hydroxycarbamoyl-heptanoylamino)-
benzylamino]-4-methyl-pentanoic acid (38)

LCMS purity 91%, m/z 408 [M*+H]*, "H NMR (400 MHz,
MeOD), §: 0.78 (3H, d, J=6.6 Hz, CH.,), 0.84 Hz (3H, d, ]=6.6
Hz, CH,), 1.26-1.40 (6H, m, alkyl), 1.49-1.70 (5H, m,
CH+2xCH,), 1.95 (2H, t, J=7.32, CH,), 2.25 (2H, t, =736,
CH.),3.00 (1H, t, J=6.88 Hz, NHCHCO), 3.42 (1H, d, J=12.7
Hz, CH),3.68 (1H, d, I=12.5 Hz, CH), 7.00 (1H, d, J=7.6 Hz,
Ar), 7.15 (1H, 1, I=7.8 Hz, Ar), 7.30 (1H, s. Ar), 7.47 (1H, br
d, Ar)

(S)-2-[3-(7-Hydroxycarbamoyl-heptanoylamino)-
benzylamino]-4-methyl-pentanoic acid cyclopentyl
ester (39)

LCMS purity 100%, m/z 476 [M*+H]*, *H NMR (400
MHz, MeOD), 8: 0.85-0.95 (6H, 2xd, 2xCH.), 1.30 (4H, m,
2xCH.,), 1.50-1.70 (13H, m, alkyl), 1.75 (2H, m, CH,), 2.00
(2H, t, CH,), 2.30 (2H, t, CH,), 3.90 (1H, NHCHCO), 4.10
(2H, g, CH,), 5.25, (1H, m, CH), 7.10 (1H, d, Ar), 7.30 (2H.,
m), 7.80 (1M, s, Ar)
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Synthesis of Compound (40) and Compound (41)

40
O
N
N ol
H
O
Al
= 0
m
41
O
N
N ~on
H
O
F
= OH
O
Stage 1: (5)-(2-Nitro-benzylamino)-phenyl-acetic
acid cyclopentyl ester
Ph NO,
O i /\ )\
N Z
O \/
O
Ph HN
O ? /\
TUT
|
<:|/ O boc W ‘

A muxture of 2-nitrobenzyl bromide (15 g, 69.4 mmol),
L-phenylglycine cyclopentyl ester tosyl salt (27.2 g, 69.4
mmol) and potassium carbonate (19.2 g, 138.8 mmol) in
DMF (300 ml) was stirred at room temperature for 18 h. The
reaction mixture was diluted with EtOAc (300 ml) and
washed with water (3x200 ml). The EtOAc layer was 1so0-
lated, dried (Na,SQO,), filtered and concentrated to dryness
yielding an orange coloured o1l. A crude weight of 24 g was

1solated. LCMS purity 81%, m/z 355 [M*™+H]™. This product
was used without further purification

32

Stage 2: (S)-[tert-Butoxycarbonyl-(2-nitro-benzyl)-
amino]-phenyl-acetic acid cyclopentyl ester

Al lgw,

h NO,

O/OI(?\T/\/ ‘

boc \

10

To a solution of (S)-(2-Nitro-benzylamino)-phenyl-acetic
acid cyclopentyl ester (24.4 g, 69.1 mmol) in THF (150 ml)
was added K,CO; (7.6 g, 69.1 mmol), followed by di-tert-
butyl dicarbonate (30.1 g, 138.1 mmol). Water (150 ml) was
added and the reaction stirred at room temperature for 8 days
with further di-tert-butyl dicarbonate (45.1 g, 206.6 mmol).
The reaction mixture was evaporated to dryness. The residue
was re-dissolved 1n EtOAc (300 ml), washed with 0.1 M HCI
(150 ml), sat. aq.NaHCO, and water (150 ml). The EtOAc
layer was dried (Na,SQ,), filtered and concentrated to dry-
ness yielding a yellow o1l. After purification by column chro-
matography (20% EtOAc/hexane) the product was obtained
as clear yellow o1l (15 g, 48% vield).

Stage 3: (5)-[(2-Amino-benzyl)tert-butoxycarbonyl-
amino|-phenyl-acetic acid cyclopentyl ester

20

25

h

NH>
OWW/.\N =
O I:‘mc \ ‘

A mixture of stage 2 carbamate (4.44 g, 9.78 mmol) and
10% Pd/C (0.7 g) 1n EtOAc (130 ml) was hydrogenated at
room temperature for 18 h under balloon pressure. The Pd/C
catalyst was filtered off through a pad of celite. The filtrate
was concentrated under reduced pressure to yield a white

solid (4.25 g). LCMS purity 100%, m/z 425 [M"+H]",
Stage 4: Coupling of Stage 3 Aniline

30

i

35

40
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55

Hydroxylamine 2-chlorotrityl resin dernivatized with
suberic acid (1.6 g, loading 0.83 mmol) was swollen 1n anhy-
drous DCM (100 ml). 1-Chloro-N,N-2-trimethylpropeny-
lamine (Ghosez reagent)' (0.56 ml, 3.3 mmol, 3 eq) was
added at 0° C. under the atmosphere of N,,. The mixture was
allowed to warm to room temperature and gently shaken for
1-2 h. Stage 3 amline (1.4 g, 3.3 mmol, 3 eq) was added
65 portionwise over 20 min. Et,N (0.76 ml, 4.4 mmol, 4 eq) was

added. The mixture was shaken for 1 h. LCMS after a test

cleave shows 97% conversion, m/z 596 [M™+H]". The resin

60
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was filtered and washed using the standard wash procedure.
The resin was dried under vacuum.

Stage 5: (S)-[2-(7-Hydroxycarbamoyl-heptanoy-
lamino)-benzylamino]-phenyl-acetic acid cyclopen-
tyl ester (40)

Stage 4 resin (1.34 g, loading 0.83 mmol) was gently
shaken 1 2% TFA/DCM (10 ml) for 20 mins. The resin was
filtered. The filtrate was collected and evaporated under
reduced pressure at room temperature. The resin was re-
treated with 2% TFA/DCM (10 ml) and after 20 mins filtered.
The combined filtrates were evaporated to dryness under
reduced pressure at room temperature to give a residue. This
residue was allowed to stand 1n 20% TFA/DCM {for 40 mins.
After evaporation to dryness, also under reduced pressure at
room temperature, the residue was purified by preparative
HPLC to yield compound 40 as the TFA salt, LCMS purity
100%, m/z 496 [M*+H]*, 'H NMR (400 MHz, MeOD), &:
1.40-2.00 (16H, m, 8xCH,), 2.15 (2H, m, CH,,), 2.45 (2H, m,
CH,),3.95(1H,d, CH,NH), 4.20 (1H, d, CH,NH), 5.20 (1H,
m, OCOCHPh), 5.35 (1H, m, CHOCO), 7.25 (1H, m, Ar),
7.40 (1H, m, Ar), 7.50-7.60 (7H, m, Ar).

Stage 6: Saponification

bbbbbb

Stage 4 resin (2.0 g, loading, 0.83 mmol, 2.35 mmol) was
suspended in MeOH (6.1)and THF (6.1 ml). 2.7 N NaOH (aq,

6.1 ml) was added. The mixture was shaken for 5 days. LCMS
of the test cleave confirmed the completion of reaction, m/z
528 [M™+H]". The resin was filtered and washed with waterx
2, MeOHx2, followed by the standard wash procedure. The

resin was dried under vacuum.
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Stage 7: (S)-[2-(7-Hydroxycarbamoyl-heptanoy-
lamino)-benzylamino]-phenyl-acetic acid compound

(41)

O

Ay

7T

OH

Tz,

OH

Stage 6 resin (2.0 g, loading 0.83 mmol) was cleaved and
boc deprotected using the procedure outlined for stage 5. The
crude product was purified by preparative HPLC yielding
compound (41) as the TFA salt. LCMS purity 98%, m/z 428
[M*+H]*, "HNMR (400 MHz, MeOD), §: 1.25-1.35 (4H, m,
2xCH,), 1.50-1.65 (4H, m, 2xCH,), 2.00 (2H, m, CH,), 2.30
(2H, m, CH,), 3.80 (1H, d, CH,NH), 4.10 (1H, d, CH,NH),
5.00 (1H, m, OCOCHPh), 7.10 (1H, m, Ar), 7.30 (1H, m, Ar),
7.40-7.50 (7H, m, Ar).

Synthesis of Compound (42) and Compound (43)

42
T 1) °
7 NJYN\H/-\/\/\)J\N’OH
3 3
Ny ©
JTD
43
T 1) °
= NJ\{N\H/\/\/\)J\N”OH
H H
Ny
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Stage 1:
1,3.4,9-Tetrahydro-beta-carboline-1,2-dicarboxylic
acid 2-benzyl ester

A solution of 1,2,3,4-tetrahydrocarboline-1-carboxylic
acid (5 g, 23.1 mmol) 1n dioxane (25 ml) and 2M NaOH (23
ml, 46 mmol) was cooled to 0° C. Benzyl chloroformate (3.95
ml, 27 mmol) was added slowly. After stirring at room tem-
perature for 1 h further benzyl chloroformate (1.4 ml, 9.5
mmol) was added. After 2.5 h the reaction mixture was
washed with ether. The aqueous layer was acidified to pH 2
and extracted with DCM, dried (MgSO,), filtered and evapo-
rated to dryness vielding a first crop of maternial as a yellow
solid with LCMS punity of 79%, m/z 351 [M*+H]". The
initial crop was used without further purification. A second
crop of maternial was obtained following concentration of the
cther layers to give further crude product. The crude material

was purified by flash chromatography eluting with DCM to
20% 2M methanolic NH,, 80% DCM yielding further Chz-

protected compound (yield 49%) at LCMS purity 82%, m/z
351 [MT+H]™.

Stage 2: 1-(Methoxy-methyl-carbamoyl)-1,3,4,9-
tetrahydro-beta-carboline-2-carboxylic acid benzyl
ester

1,3.4,9-Tetrahydro-beta-carboline-1,2-dicarboxylic  acid
2-benzyl ester (3 g, 8.4 mmol) was dissolved in anhydrous
DCM (30 ml) and triethylamine (5.22 ml, 37.8 mmol) added.
To this solution was added HOBt (2.848 g, 21.4 mmol), EDCI
(4.08 g, 21.4 mmol) and N,O-dimethylhydroxylamine hydro-
chloride (1.86 g, 19.1 .mmol). After stirring at room tempera-

ture for 2 h the reaction mixture was evaporated to dryness,
re-dissolved in EtOAc and washed with saturated NaHCO,
solution (2x100 ml) and water (50 ml). The EtOAc layer was

dried (Na,SQO,), filtered and evaporated to dryness. Purifica-
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tion by column chromatography using DCM to 3% methanol/
DCM gave the required Weinreb amide (yield 40%). LCMS

purity 85%, m/z 394 [M™+H]".

Stage 3: 1-Formyl-1,3,4,9-tetrahydro-beta-carboline-
2-carboxylic acid benzyl ester

A solution of 1,3,4,9-tetrahydro-beta-carboline-1,2-dicar-
boxvylic acid 2-benzyl ester (3.7 mg, 9.4 mmol) in THF (100
ml) under N, was cooled to =78° C. 1.5M DIBAL 1n toluene
solution (31.2 ml, 47 mmol) was added over 2 hours. After
stirring for 4 hours the reaction mixture was quenched with
methanol and water, extracted into EtOAc and washed with
dilute aqueous HCI. The organic layer was dried over
Na,SO,, filtered and evaporated to dryness. LCMS purity
50%, m/z 335 [M*+H]|" The material was used in the next
stage without further purification.

Stage 4: 1-{[((S)-Cyclopentyloxycarbonyl-phenyl-
methylyamino]-methyl}-1,3,4,9-tetrahydro-beta-
carboline-2-carboxylic acid benzyl ester

X
P

A mixture of 1-Formyl-1,3,4,9-tetrahydro-beta-carboline-
2-carboxylic acid benzyl ester (1 g, 3 mmol), sodium acetate
(0.68 g, 87.4 mmol), L-phenylglycine cyclopentyl ester tosyl
salt (1.16 g, 3 mmol), sodium cyanoborohydride (0.26 g, 4.2
mmol) and molecular sieves 1n IPA (100 ml) was stirred at
room temperature for 1 hour. The reaction mixture was
evaporated to dryness, re-dissolved 1n EtOAc and washed
sequentially with saturated NaHCO, solution and brine. The
EtOAc layer was dried over MgSO,,, filtered and evaporated
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to dryness. LCMS purity of 39%, m/z 538 [M"+H]". The
crude material was taken to the next stage without further

purification.

Stage 5: 1-{[tert-Butoxycarbonyl-((S)-cyclopenty-
loxycarbonyl-phenyl-methyl)-amino]-methyl}-1,3.4,
9-tetrahydro-beta-carboline-2-carboxylic acid benzyl

ester

To a stirred solution of stage 4 amine (1.08 g, 2.0 mmol), in
THF (20 ml) was added potassium carbonate (0.42 g, 3.0
mmol) and di-tert-butyl dicarbonate (1.75 g, 8.0 mmol). The
reaction mixture was stirred at 50° C. for 96 hours and cooled
to room temperature, diluted with DCM (50 ml) and washed
with 0.1M HCl solution (25 ml), saturated NaHCO, solution
(2x25 ml) and water (15 ml). The DCM layer was dried,
Na,SO,, filtered and evaporated to dryness. Purification by

column chromatography using 10% EtOAc/heptane gave the
product (0.89 g 70% vyield). LCMS purity of 79%, m/z 638

[M*+H]*.

Stage 6: (S)-[tert-Butoxycarbonyl-(2,3,4,9-tetrahy-
dro-1H-beta-carbolin-1-ylmethyl )-amino]-phenyl-
acetic acid cyclopentyl ester

A solution of stage 5 dicarbamate (0.5 g, 0.78 mmol) 1n

cthanol (40 ml) was stirred under the atmosphere of hydrogen
in the presence of 10% Pd/C (0.4 g) for 2 h under balloon
pressure. The reaction mixture was filtered through a pad of
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celite and evaporated to dryness yielding the required product

(0.35 g, 90%), 91% purity by LCMS, m/z 504 [M*+H]*.

Stage 7: Coupling of Stage 6 Amine

bbbbb
bbbbbb
bbbbbbb
bbbbbbbb
bbbbbbbbb
bbbbbbbbbb
bbbbbbbbbbb

bbbbbbbbbb
bbbbbbbbbbb
llllllllllll
bbbbbbbbbbb
bbbbbbbbbbbb

Hydroxylamine 2-chlorotrityl resin derivatized with

suberic acid (703 mg, loading 0.83 mmol/g) was swollen 1n
DCM (12 ml). PyBOP (912 mg, 1.75 mmol) was added,

followed by stage 6 amine (325 mg, 0.64 mmol) and DIPEA
(1.01 ml, 5.8 mmol). The reaction mixture was shaken for 18
hours. LCMS of maternial following test cleavage indicated
80% conversionm/z 675 [M™+H]". The resin was filtered and
washed using the standard wash procedure. The resin was
dried under vacuum.

Stage 8: (S)-{[2-(7-Hydroxycarbamoyl-heptanoyl)-2,
3.4,9-tetrahydro-1H-beta-carbolin-1-ylmethyl]-
amino }-phenyl-acetic acid cyclopentyl ester (42)

Stage 7 resin (135 mg, loading 0.83 mmol) was gently
shaken 1 2% TFA/DCM (10 ml) for 20 mins. The resin was

filtered. The filtrate was evaporated under reduced pressure at
room temperature. The resin was re-treated with 2% TFA/
DCM (10 ml) and was filtered after 20 mins. The combined
filtrates were evaporated to dryness under reduced pressure at
room temperature to give an oily residue. The residue was
allowed to stand 1n 20% TFA/DCM for 40 mins. After evapo-
ration to dryness, also under reduced pressure at room tem-

perature, the crude product was purified by preparative HPLC
to yield compound (42) as the TFA salt, LCMS purity 91%,

m/z 575 [M*+H]*, "HNMR (400 MHz, MeOD), &: 1.30-1.70
(16H, m, 8xCH,), 2.00 (2H, m, CH,), 2.50 (2H, m, CH,),
2.75 (2H, m, CH,), 3.30-3.50 (2H, m, CH,), 4.15 (1H, m,
CH,CH), 4.80 (2H, m, CH,NH, masked signal), 5.25 (1H, m,
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CHOCQ), 6.00 (1H, m, OCOCHPh), 6.90 (1H, m, Ar), 7.00 Synthesis of Compounds 1n FIG. 3 as Exemplified
(1H, m, Ar), 7.20 (1H, m, Ar), 7.30 (1H, m, Ar), 7.45 (5H, m, by Compound (44) and Compound (45)
Ar).
5
Figure 3
Stage 9: Saponification of cyclopentyl ester (\
10 o F
O
= N R
H
(5 W N O
O
O
N__....-OH
H
20 R = cyclopentyl 44
R=H 45
R =FEt 46
/\‘
25 o \/
| Stage 7 resin (395 mg, loading 0.83 mmol) was Suspen-ded Z N O\R
in THF (1.5 ml) and methanol (1.5 ml) and 1.4M sodium H
hydroxide (aq) solution (1.17 ml, 1.6 mmol) was added. The 3 O

mixture was shaken for 8 days. Test cleavage indicated 86%
conversion to the acid, m/z 607 [M*+H]. The resin was f{il-
tered and washed with waterx2, MeOHx2, followed by the

standard wash procedure. The resin was dried under vacuum.

/

H
39 R = ethyl 47
R =cyclopentyl 48
R=H 49

\

Stage 10: (S)-{[2-(7-Hydroxycarbamoyl-heptanoyl)- 40 O
2.,3.4.9-tetrahydro-1H-beta-carbolin-1-ylmethyl]- 5
amino }-phenyl-acetic acid (43) N N
O

—OH
N\ﬂ/\/\/\)J\ A8 E
50 R = ethyl 50

R =cyclopentyl 51
R=H 52

O
\NH
)
O O 55 0O Z
LA on
Stage 9 resin (100 mg, loading 0.83 mmol) was cleaved and R
O
O

7

boc deprotected using the procedure outlined for compound

N
H
N
(42). Punfication by preparative HPLC afforded compound 60
(43) as the TFA salt, LCMS purity 96%, m/z 507 [M*™+H]",
"H NMR (400 MHz, MeOD), : 1.25-1.40 (4H, m, 2xCH.). O
1.50-1.65 (4H, m, 2xCH.,), 2.00 (2H, m, CH,), 2.50 (2H, m,

——0OH
N
CH,), 2.70 (2H, m, CH,), 3.40 (2H, m, CH,), 4.15 (1H, m, 1
CH,CH), 4.80 (2H, m, CH,NH, masked signal), 6.00 (1H, m, 65 R = cyclopentyl 53
OCOCHPh), 6.90 (1H, m, Ar), 7.00 (1H, m, Ar), 7.20 (1H, m, R=H >4

Ar), 7.30-7.50 (6H, m, Ar).
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_continued Preparation of Building Blocks H-L
F ‘ Building Block H
0 X 5 0
O
J\ ~ /\
N R ‘ N Ot TMsal
MeOH
N O P NH
O
N—OH ”/%**’fﬁ\\r’lLMO’fﬂ
H
T r
R = ethyl 55 15 \/\/
R = cyclopentyl 56
R=H >7

(S)-1,2,3,4-Tetrahydroisoquinoline-3-carboxylic acid (10
g, 56 mmol), TMSCI (39 ml, 310 mmol) and methanol (500
ml) were refluxed together (at 70° C.) for 2 hours. The reac-
tion mixture was evaporated to dryness and LCMS analysis
indicated 100% conversion to (S)-1,2,3,4-tetrahydro-iso-
quinoline-3-carboxylic acid methyl ester, m/z 192 [M™+H]".

20

Building Block I
25
O O
OH TMSCI . J\O/
30 MeOH HC
R = ethyl 58 NH NH
R=H 39
DL-Proline (10 g, 87 mmol), TMSCI (31 ml, 430 mmol)
and methanol (500 ml) were refluxed together (at 70° C.) for

2 hours. The reaction mixture was evaporated to dryness and

>~ O O
: 35
: H
_0 ' N JOH LLCMS analysis indicated 100% conversion to desired prod-
: WW/\E N uct pyrrolidine-2-carboxylic acid methyl ester, m/z 130 [M™+
O H]-l-'
Building Block J

R = cyclopentyl 60
R=H 61 40

45

O

e
\
O
) ]
iz
:52:
n s
\
O
an

R = cyclopentyl 62

R=H 63
50 :
' DCM
-
N o ‘ /\‘ piperidine
‘ ‘ P N stage 2
# N N\[(\/\/\)I\ N -~ OH E \/ \meG
) \:/ \
O NH =
“_k(o /\‘
W ‘
NH
R H
R = cyclopentyl 64 Stages 1 & 2
R=H 65 65

(R)-2-Fmoc-1,2,3,4-tetrahydronorharmane-3-carboxylic
acid (2.0 g, 9.25 mmol) was added to solution of TMSCI (6
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ml, 47.17 mmol) in methanol (100 ml) and heated under
reflux for 2 hours. The reaction mixture was evaporated to

dryness to give 1.7 g product (100% conversion by LCMS,
m/z453 [M*+H]™). Stage 1 ester (1.7 g) was treated with 20%
piperidine 1n DCM (100 ml) for 30 minutes to effect fmoc
removal. The crude reaction mixture was evaporated to dry-
ness, dissolved in DCM and washed with saturated NaHCO,
solution. The DCM layer was 1solated, dried (Na,SO,), fil-
tered and concentrated to dryness. Purification by column
chromatography was carried out using 3% MeOH/DCM to
give (S)-2,3,4,9-tetrahydro-1H-beta-carboline-4-carboxylic
acid methyl ester. LCMS 100%, m/z 231 [M™+H]".
Building Block K

NH,

Methyl-3-aminobenzoate was obtained from commercial

SOUICES
Building Block L

R

N
N

Stage 1

A solution of glyoxylic acid monohydrate (1.51 g, 16.4
mmol) 1 water (10 ml) was added dropwise to a stirred
solution of tryptamine.HCI (3.0 g, 15.3 mmol) 1n water (200
ml). KOH (0.827 g, 14.7 mmol) 1n water (10 ml) was added.
The reaction mixture was stirred at room temperature for 1 h
alter which time precipitation occurred. Following filtration
under reduced pressure the white precipitate was collected
and washed with water to furnish 2,3,4,9-tetrahydro-1H-
beta-carboline-1-carboxylic acid Yield 1.9 g (58%); m/z 217
[M™+H]".

Stage 2

A solution of 1,2,3,4-tetrahydro-beta-carboline-1-car-
boxylic acid (7.4 g) in MeOH (250 ml) was saturated with
HCl gas for 20 min. The reaction mixture was gently stirred at
room temperature for 18 h. The reaction mixture was re-
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treated with HCI gas and allowed to stir for a further 18 h.
Upon completion of the reaction the mixture was concen-
trated 1n vacuo to yvield building block L, LCMS purity 95%,
m/z 231 [M*+H]™. The product (2,3,4,9-tetrahydro-1H-beta-
carboline-1-carboxylic acid methyl ester) was used without
turther punification.

Synthesis of Compounds Outlined 1n FIG. 3
Exemplified by Compound (44, R=cyclopentyl) and
compound (45, R—H)

R

O n
O
N \R
H

O

\

4
Z
e
;
Z
\
=

Stage 1: Loading of Amine onto Resin

O
CCHLO/ i
N O
\H/\/\/\)J\Nx
H
O

Hydroxylamine 2-chlorotrityl resin dernivatized with
suberic acid (6.6 g, loading, 0.83 mmol) was swollen 1n

anhydrous DCM (65 ml). PyBOP (8.6 g, 16.43 mmol), amine
building block A (3.7 g, 16.43 mmol) and DIPEA (9.5 ml,

58.4mmol)were added. The reaction was shaken for 24 hours
at room temperature. LCMS of test cleaved material indicated
reaction completion. The resin was filtered and washed using
the standard wash procedure. The resin was dried under
vacuum.

Stage 2: Saponification of methyl ester

Resin bound stage 1 ester (6.95 g, loading 0.83 mmol/g)
was suspended in THF (25 ml) and methanol (25 ml). Sodium
hydroxide, 1.4M aqueous solution (25 ml) was added. The
mixture was shaken for 48 hours and further sodium hydrox-

ide (25 ml) added after 24 hours. LCMS of the test cleaved
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material indicated 65% conversion to the acid m/z 349 [M™+
H]™. The resin was filtered and washed with waterx2, MeOHx
2, Tollowed by the standard wash procedure. The resin was
dried under vacuum.

Stage 3: Coupling with L-phenylglycine cyclopentyl
ester

Resin bound stage 2 carboxylic acid (2.2 g, loading 0.83
mmol/g) was swollen in anhydrous DCM (25 ml). PyBOP
(2.85 g, 5.48 mmol), L-phenylglycine cyclopentyl ester tosyl
salt (2.14 g, 5.48 mmol) and DIPEA (3.17 ml, 18.3 mmol)

were added. The mixture was shaken for 24 hours at room
temperature. LCMS following test cleavage revealed 52%

conversion, m/z 550 [M™+H]". The resin was filtered and
washed using standard wash procedure. The resin was dried

under vacuum

Stage 4: (S)-{[(S)-2-(7-Hydroxycarbamoyl-hep-
tanoyl)-1,2,3,4-tetrahydro-1soquinoline-3-carbonyl]-
amino }-phenyl-acetic acid cyclopentyl ester (44)

R

A
o F
—~
N
H
N O
0
O

Stage 3 resin (2.2 g, loading 0.83 mmol) was gently shaken
in 2% TFA/DCM (10 ml) for 20 mins. The resin was filtered.
The filtrate was collected and evaporated under reduced pres-
sure at room temperature. The resin was re-treated with 2%
TFA/DCM (10 ml) and after 20 muns filtered. The combined
filtrates were evaporated to dryness under reduced pressure at
room temperature to give a residue. The residue was purified
by preparative HPLC to yield compound (44) as the TFA salt.
LCMS purity 95%, m/z 550 [M*+H]*, 'H NMR (400 MHz,
MeOD), o: 1.12-1.75 (16H, m, 8xCH,), 1.92-2.02 (2H, m,
CH,), 2.09-2.30 (1H, m), 2.48 (1H, m), 3.10 (2H, m, CH,),

\
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N___..-OH
H
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4.58-4.66 (2H, m, CH,), 4.82 (1H, m), 5.04 (1H, m), 5.20
(1H, s, OCOCHPh), 6.95-7.20 (9, m, Ar).

Stage S—Saponification of cyclopentyl ester

OH

Tz,

Stage 3 resin (1.3 g, 1.13 mmol) was suspended 1n THF
(4.6 ml) and methanol (4.6 ml). Sodium hydroxide added as a
1.4M aqueous solution (4.6 ml). The mixture was shaken for
24 hours. LCMS of the test cleaved material confirmed con-
version to required acid. The resin was filtered and washed
with waterx2, MeOHx2, followed by the standard wash pro-
cedure. The resin was dried under vacuum.

Stage 6: (S)-{[(S)-2-(7-Hydroxycarbamoyl-hep-
tanoyl)-1,2,3,4-tetrahydro-1soquinoline-3-carbonyl |-
amino }-phenyl-acetic acid (45)

45

O
OH
N
H
N O
O
O

Stage Sresin (1.3 g, loading 0.83 mmol) was gently shaken
in 2% TFA/DCM (10 ml) for 20 mins. The resin was filtered.

The filtrate was collected and evaporated under reduced pres-

sure at room temperature. The resin was re-treated with 2%
TFA/DCM (10 ml) and after 20 mins filtered. The combined

filtrates were evaporated to dryness under reduced pressure at
room temperature to give a residue. The residue was purified
by preparative HPLC to yield compound (45). LCMS purity
06%, m/z 482 [M*+H]*, 'H NMR (400 MHz, MeOD), 8:
1.12-1.38 (4H, m, 2xCH,), 1.45-1.61 (4H, m, CH,), 1.98
(2H, m, CH,), 2.10-2.58 (2H, m, CH,), 3.04-3.20 (2H, m,
CH,), 4.48-4.65 (2H, m), 4.85 (1H, m), 5.20 (1H, m), 6.92-
7.25 (9H, m, Ar).

The following compounds were prepared according to the
procedure described for compounds (44) and compound (45)

R
S

\

4

N_,_...-OH
H
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(S)-{[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-1,2,3,
4-tetrahydro-isoquinoline-3-carbonyl]-amino }-phe-

nyl-acetic acid ethyl ester (46)

Building Block H Used

LCMS purity 97%, m/z 510 [M*+H]*, "HNMR (400 MHz,
MeOD), o: 1.19 (3H, t, CH,), 1.32-1.48 (4H, m, 2xCH,),
1.54-1.73 (4H, m, 2xCH,), 2.02-2.15 (2H, m, CH,), 2.50-
2.70 (2H, m, CH,), 3.10-3.30 (2H, m, CH,), 4.10 (2H, m,
CH,), 4.70 (2H, m), 4.95 (1H, m), 5.35 (1H, s, OCOCHPh),
7.10-7.40 (9H, m, Ar). o

(S)-2-1[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-1,2,
3,4-tetrahydro-isoquinoline-3-carbonyl]-amino }-3-
phenyl-propionic acid ethyl ester (47)

Building Block H Used

LCMS purity 100%, m/z 524 [M*+H]*, "H NMR (400
MHz, MeOD), o: 1.20 (3H, m, CH,), 1.30-1.49 (4H, m,
2xCH,), 1.55-1.70 (4H, m, CH,), 2.10 (2H, m, CH,), 2.60
(2H, m), 2.88-3.25 (4H, m), 4.08-4.20 (2H, m, CH,), 4.45-
4.62 (2H, m), 4.75 (1H, m), 5.03 (1H, m), 7.09-7.32 (9H, m,
Ar).

(S)-2-1[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-1,2,
3,4-tetrahydro-isoquinoline-3-carbonyl]-amino }-3-
phenyl-propionic acid (48)

Building Block H Used

LCMS purity 100%, m/z 564 [M*+H]*, '"H NMR (400
MHz, MeOD), o: 1.25-1.85 (16H, m, 8xCH,), 2.10 (2H, m,
CH,), 2.55 (2H, t, CH,), 2.85-3.20 (4H, m), 4.40-4.60 (2H,
m), 4.75 (1H, m), 4.95-5.15 (2H, m), 7.05-7.30 (9H, m, Ar).

(S)-2-{[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-1,2,
3,4-tetrahydro-isoquinoline-3-carbonyl]-amino }-3-
phenyl-propionic acid (49)

Building Block H Used

LCMS purity 100%, m/z 496 [M*+H]*, "H NMR (400
MHz, MeOD), 6: 1.10-1.31 (4H, m, 2xCH,), 1.40-1.55 (4H,
m, 2xCH,), 1.98 (2H, m, CH,), 2.43 (2H, m, CH,), 2.75-3.10
(4H, m), 4.30-4.75 (3H, m), 4.90 (1H, m), 6.90-7.15 (9H, m,
Ar).

(S)-2-{[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-1,2,
3,4-tetrahydro-isoquinoline-3-carbonyl]-amino } -4-
methyl-pentanoic acid ethyl ester (50)

Building Block H Used

LCMS purity 98%, m/z490 [M*+H]*, "HNMR (400 MHz,
MeOD), o: 0.60 (1H, m, CH), 0.70-0.85 (6H, m, 2xCH,),
1.25 (3H, t, CH,CH,), 1.38-1.65 (10H, m, 5xCH,), 2.10 (2H,
m, CH,), 2.60 (2H, m, CH,), 3.20 (2H, m, CH,), 4.10 (2H, q,
CH,CH;), 4.35 (1H, m, CH), 4.70-4.80 (2H, m, CH,), 4.95
(1H, m, CH), 7.23-7.25 (4H, m, Ar).

(S)-2-{[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-1,2,
3,4-tetrahydro-isoquinoline-3-carbonyl]-amino }-4-
methyl-pentanoic acid cyclopentyl ester (51)

Building Block H Used

LCMS purity 96%, m/z 530 [M*+H]*, "HNMR (400 MHz,
MeOD), o: 0.75 (3H, d, CH;), 0.88 (3H, d, CH;), 1.30-1.90
(19H, m), 2.10 (2H, t, CH,), 2.60 (2H, m, CH,), 3.15-3.30
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(2H, m, CH.), 4.30 (1H, m), 4.65-4.85 (2H, m), 4.95 (1H, m),
5.10 (1H, m), 7.15-7.28 (4H, m, Ar).

(S)-2-{[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-1,2,
3,4-tetrahydro-isoquinoline-3-carbonyl]-amino } -4-
methyl-pentanoic acid ethyl ester (52)

Building Block H Used

LCMS purity 100%, m/z 462 [M*+H]*, '"H NMR (400
MHz, MeOD), o: 0.60 (1H, m, CH), 0.70-0.85 (6H, m,
2xCH;), 1.38-1.65 (10H, m, 5xCH,), 2.10 (2H, m, CH,),
2.40-2.60 (2H, m, CH,), 3.20 (2H, m, CH,), 4.35 (1H, m,
CH), 4.70-4.80 (2H, m, CH,), 4.95 (1H, m, CH, masked
signal), 7.23-7.25 (4H, m, Ar).

(S)-{[1-(7-Hydroxycarbamoyl-heptanoyl)-pyrroli-
dine-2-carbonyl]-amino } -phenyl-acetic acid cyclo-
pentyl ester (33)

Building Block I Used

LCMS purity 100%, m/z 488 [M*+H]*, 'H NMR (400
MHz, MeOD), o: 1.30-2.45 (24H, m), 3.50-3.70 (2H, m,
CH,),4.55(1H,m,CH),5.18 (1H, m,CH), 5.40 (1H, m, CH),
7.40 (SH, m, Ar).

(S)-{[1-(7-Hydroxycarbamoyl-heptanoyl)-pyrroli-
dine-2-carbonyl]-amino }-phenyl-acetic acid (54)

Building Block I Used

LCMS purity 90%, m/z 420 [M*+H]*, 'HNMR (400 MHz,
MeOD), o: 1.20-1.20 (4H, m, 2xCH,), 1.45-1.56 (4H, m,
CH,), 1.75-2.35 (8H, m), 3.35-3.60 (2H, m), 4.45 (1H, m),
5.35 (1H, m), 7.18-7.35 (5H, m, Ar).

(S)-2-{[1-(7-Hydroxycarbamoyl-heptanoyl)-pyrroli-
dine-2-carbonyl]-amino } -3-phenyl-propionic acid
cthyl ester (55)

Building Block I Used

LCMS purity 100%, m/z 462 [M*+H]*, '"H NMR (400
MHz, MeOD), o: 1.20-2.20 (19H, m), 2.94-3.20 (2H, m, C
H,Ph), 3.48-3.69 (2H, m, CH,N), 4.10-4.25 (2H, m, C
H,CH,), 4.33-4.49 (1H, m), 4.60-4.79 (1H, m), 7.20-7.35
(5H, m, Ar).

(S)-2-{[1-(7-Hydroxycarbamoyl-heptanoyl)-pyrroli-
dine-2-carbonyl]-amino } -3-phenyl-propionic acid
cyclopentyl ester (56)

Building Block I Used

LCMS purity 100%, m/z 502 [M*+H]*, '"H NMR (400
MHz, MeOD), o: 1.27-2.23 (22H, m, 11xCH,), 2.35 (2H, m,
CH,), 2.97-3.27 (2H, m, CH,Ph), 3.53-3.63 (2ZH, m, CH,),
4.35-4.45 (1H, m, CH), 4.60-4.70 (1H, m, CHCH_Ph), 5.10-
5.20 (1H, m, CHOCO), 7.23-7.30 (5H, m, Ar).

(S)-2-{[1-(7-Hydroxycarbamoyl-heptanoyl)-pyrroli-
dine-2-carbonyl]-amino } -3-phenyl-propionic acid
(57)

Building Block I Used

LCMS purity 90%, m/z 434 [M*+H]*, 'HNMR (400 MHz,
MeOD), o: 1.30-1.41 (4H, m, 2xCH,), 1.55-1.69 (4H, m,
2xCH,), 1.80-1.90 (8H, m), 2.91-3.26 (2ZH, m), 3.45-3.70
(2H, m), 4.40 (1H, m), 4.72 (1H, m), 7.16-7.30 (5H, m, Ar).
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(S)-2-{[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,
4.9-tetrahydro-1H-beta-carboline-4-carbonyl |-
amino }-3-phenyl-propionic acid cyclopentyl ester
(58)

Building Block J Used

LCMS purity of 100%, m/z 563 [M*+H]*, 'H NMR (400
MHz MeOD), §: 1.10-1.30 (3H, m, CH,), 1.35-1.80 (8H, m,
4xCH,), 2.15 (2H, m, CH,), 2.4-2.65 (2H, m, CH.), 2.95-
3.20 (3H, m), 4.0-4.2 (2H, m CH,0), 4.3-5.0 (4H, m masked
signal), 5.05-5.20 (1H, m CHOCO), 6.90-7.50 (9H, m, Ar).

(S)-2-{[(S)-2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,
4.9-tetrahydro-1H-beta-carboline-4-carbonyl |-
amino }-3-phenyl-propionic acid (59)

Building Block J Used

LCMS purity of 100%, m/z 535 [M*+H]*, 'H NMR (400
MHz MeOD), o: 1.20-1.40 (4H, m, 2xCH,), 1.45-1.65 (4H,
m, 2xCH,), 1.90-2.10 (2H, m, CH,), 2.30-2.50 (2H, m, CH,),
2.70-3.15 (3H, m), 4.2-4.9 (4H, m masked signal), 5.00 (1H,
m CHOCO), 6.75-7.40 (9H, m, Ar)

(S)-[3-(7-Hydroxycarbamoyl-heptanoylamino)-ben-
zoylamino]-phenyl-acetic acid cyclopentyl ester (60)

Building Block K Used

LCMS purity 100%, m/z 510 [M*+H[*, "H NMR (400
MHz, MeOD), §: 1.28 (4H, m, 2xCH,), 1.40-1.80 (12H, m,
6xCH,), 1.98 (2H, t, CH,,), 2.27 (2H, t, CH,), 5.12 (1H, m),
5.50 (1H, s, OCOCHPh), 7.21-7.32 (4H, m, Ar), 7.36 (2H, m.
Ar), 7.45 (1H, d, AY), 7.61 (1H, d, Ar), 7.90 (1H, s, Ar).

(S)-[3-(7-Hydroxycarbamoyl-heptanoylamino )-ben-
zoylamino]-phenyl-acetic acid (61)

Building Block K Used

LCMS purity 100%, m/z 442[M*+H]*, 'H NMR (400
MHz, MeOD), 8: 1.21-1.34 (4H, m, 2xCH.,), 1.48-1.63 (4H,
m, 2xCH,), 1.98 (2H, t, CH,), 2.26 (2H, t, CH.,), 5.55 (1H, s,
OCOCHPh), 7.20-7.32 (4H, m, Ar), 7.40 (2H, d, Ar), 7.48
(1H, d,Ar), 7.64 (1H, d, Ar), 7.89 (1H, s, Ar).
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(S)-2-[3-(7-Hydroxycarbamoyl-heptanoylamino )-
benzoylamino]-4-methyl-pentanoic acid cyclopentyl
ester (62)

Building Block K Used

LCMS purity 93%, m/z490 [M*+H]*, 'HNMR (400 MHz,
MeOD), o: 0.84 (3H, d, CH(CH;)), 0.88 (3H, d, CH(CH,)),
1.20-1.40 (4H, m, 2xCH,), 1.40-1.85 (15H, m, 6xCH,, C
H(CH,;),, CH2CH(CH3)2) 2.00 (ZH, t, CH,), 2.25 (2H t,

CH,), 4.45 (1H, m, OCOCHCH,), 5.10 (1H, m, CHOCO),
7.25 (1H, m Ar), 7.40 (1H, d, Ar), 7.60 (1H, d, Ar), 7.90 (1H,
s, Ar).

(S)-2-[3-(7-Hydroxycarbamoyl-heptanoylamino )-
benzoylamino]-4-methyl-pentanoic acid (63)

Building Block K Used

LCMS purity 97%, m/z422 [M*+H]*, '"HNMR (400 MHz,
MeOD), o: 1.03 (3H, d, CH(CH,)), 1.06 (3H, d, CH(CH,)),
1.40-1.55 (4H, m, 2xCH,), 1.65-1.95 (7H, m, 2xCH,, C
H(CH,),, CH,CH(CH,),), 2.15 (2H, t, CH,), 2.45 (2H, t,

CH,,), 4.70 (TH, m, OCOCHCH,), 7.45 (1H, m, Ar), 7.60

(1H, d, Ar), 7.80 (1H, d, Ar), 8.05 (1H, s, Ar).

(S)-2-{[2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-
tetrahydro-1H-beta-carboline-1-carbonyl]-amino }-3-
phenyl-propionic acid cyclopentyl ester (64)

Building Block LL Used

LCMS purity 100%, m/z 603 [M*+H]*, 'H NMR (400
MHz, MeOD), o: 1.18-1.71 (16H, m, 8xCH,), 2.00 (2H, t,
CH,), 2.45 (2H, m) 2.70 (2H, m), 2.90-3.11 (2H, m), 3.40
(1H, m),4.10 (1H, m), 4.50 (1H, m), 5.00 (1H, m), 5.95 (1H,
m), 6.90-7.11 (7H, m, Ar), 7.25 (1H, d, Ar), 7.34 (1H, d, Ar).

(S)-2-{[2-(7-Hydroxycarbamoyl-heptanoyl)-2,3,4,9-
tetrahydro-1H-beta-carboline-1-carbonyl]-amino }-3-
phenyl-propionic acid (65)

Building Block L Used

LCMS purity 91%, m/z 535 [M*+H]*, 'HNMR (400 MHz,
MeOD 6: 1.15-1.32 (4H, m, 2xCH,), 1.40-1.60 (4H, m,
2xCH,), 1.98 (2H, t, CH,), 2.41 (2H, m), 2.69 (2H, m),
2.90-3.11 (2H, m), 3.30 (1H, m), 4.06 (1H, m), 4.60 (1H, m),
5.92 (1H, m), 6.84 (7TH, m, Ar), 7.20 (1H, d, Ar), 7.31 (1H, d,
Ar).

Synthesis of Compound (66) and Compound (67)

06

oz,
O

o7/

OH

T,
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Stage 1: S-Amino-nicotinic acid methyl ester

O
AN )ko/

S-Aminonicotinic acid (1 g, 7.2 mmmol) was suspended 1n
methanol (100 ml) and thionyl chloride (4.22 ml, 57.9 mmol)

added dropwise at 0° C. The reaction mixture was stirred at
room temperature for 18 h. The reaction mixture was evapo-
rated to dryness and the resultant yellow o1l was re-dissolved
in methanol/ether (1:1) and afforded yellow crystals (HCI

salt) which were collected by filtration, yield 1.2 g (85%).
LCMS purity 91%, m/z 153 [M™+H]",

Stage 2: (3-Amino-pyridin-3-yl)-methanol

HZN\/\/\OH

‘ N
N

S-Amino-nicotinic acid methyl ester (5.7 g, 30.2 mmol)
was dissolved in THF (150 ml) and L1AIH, (IM in THF
solution 133 ml, 133 mmol) added slowly at 0° C. The reac-
tion mixture was stirred at room temperature for 21 h. The
reaction mixture was quenched and acidified to pH 3 using
dilute HCI, and basified (pH 8) using solid Na,CO,. Solvents
were removed under reduced pressure. The residue was {il-
tered through silica gel using 20% MeOH/DCM vyielding the
product 3.8 g, (100%) with LCMS purity 97%, m/z 125
[M™+H]™, by ELS.

O
7T

/

\

10

15

20

25

30

35

40

60

65

4

102

Stage 3: Coupling of Stage 2 acid onto resin

‘ X OH

Hydroxylamine-2-chlorotrityl resin dernivatized with

suberic acid (0.49 g, 0.86 mmol/g, 0.42 mmol) was swollen 1n
anhydrous DCM (6 ml) and PyBOP (0.67 g, 1.3 mmol) added.

Stage 2 aniline (0.16 g, 1.3 mmol) was added 1n DMF (6 ml)
tollowed by DIPEA (0.75 ml, 4.2 mmol). LCMS {following
test cleavage indicated 27% conversion, m/z 296 [M™+H]".
The resin was filtered and washed using the standard wash
procedure. The resin was dried under vacuum.

Stage 4: Mesylation

OMs

Resin bound stage 3 alcohol (1.8 g, 1.57 mmol) was swol-
len 1n anhydrous DCM (30 ml) and DIPEA (1.62 ml, 9.42
mmol) was added at 0° C. followed by mesyl chloride (0.23
ml, 3.14 mmol). The reaction mixture was shaken at 0° C. for
30 minutes. LCMS following test cleavage indicated 21%
conversion, m/z 374 [M"+H]" and 9% by-product derived
from chloride displacement of mesylate m/z 314 [M™+H]".
The resin was filtered and washed using the standard wash
procedure. The resin was dried under vacuum.

Stage S: Displacement of mesylate with
L-phenylalanine ethyl ester

7,

Resin bound stage 4 product (0.5 g, 0.43 mmol) was swol-
len 1n anhydrous DMF (4 ml) and sodium 1odide (0.05 g, 10%
w/v) added. L-Phenylalanine ethyl ester hydrochloride salt

(0.3 g, 1.29 mmol) 1n anhydrous DMF (4 ml) was added
followed by DIPEA (0.75 ml, 4.3 mmol). After shaking for 3
hours LCMS of test cleaved material indicated 35% conver-
sion, m/z 471[M*+H]". The resin was filtered and washed
using the standard wash procedure. The resin was dried under
vacuum.
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Stage 6: (S)-2-1[5-(7-Hydroxycarbamoyl-heptanoy-
lamino)-pyridin-3-ylmethyl]-amino }-3-phenyl-propi-
onic acid ethyl ester (66)

]

N
H
N\/\/\

7,

Stage Sresin (2 g, loading 0.87 mmol) was gently shaken 1n
2% TFA/DCM (20 ml) for 20 mins. The resin was filtered.
The filtrate was collected and evaporated under reduced pres-
sure at room temperature. The resin was re-treated with 2%
TFA/DCM (20 ml) and filtered after 10 mins. The combined
filtrates were evaporated to dryness under reduced pressure at
room temperature to give a crude product. The crude was
purified by preparative HPLC to yield compound (66) as the

H
N

TFA salt. LCMS purity 100%, m/z 471 [M*+H]*, 'H NMR
(400 MHz, MeOD), §: 1.10 (3H, t, CO,CH,CH,), 1.31-1.50
(4H, m, 2xCH,), 1.58-1.80 (4H, m, 2xCH,), 2.05-2.15 (1H,
m, CH), 2.24-2.38 (1H, m, CH), 2.45 (2H, t, CH,), 3.10-3.20
(1H, m, CH), 3.38-3.49 (1H, m, CH), 4.12 (2H, q, CH.,), 4.35
(3H, m, CH,, CH) 7.20-7.40 (5H, m, Ar), 8.30-9.00 (3H, m,
Ar).

Stage 7: (S)-2-{[5-(7-Hydroxycarbamoyl-heptanoy-
lamino)-pyridin-3-ylmethyl]-amino }-3-phenyl-propi-
onic acid (67)

7T

HO

To a solution of Stage 6 product (30 mg, loading 1.8 mmol/
o) 1n THF (1 ml) was added 1.4M sodium hydroxide (1 ml).
The reaction mixture was stirred for 30 minutes. LCMS
showed 75% conversion, m/z 442[M*+H]|". The reaction
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mixture was evaporated to dryness and was purified by pre-
parative HPLC to yield the desired compound as the TFA sallt,
compound (67). LCMS purity 100%, m/z 443 [M*+H]*. 'H
NMR (400 MHz, MeOD), 6: 1.30 (4H, m, 2xCH,), 1.50-1.70

06

7T

OH

(4H, m, 2xCH,), 2.00 (2H, t, CH,), 2.30 (2H, t, CH,), 3.20
(2H, m, CH,Ph, masked signal), 4.20 (3H, m), 7.20 (5H, m,
Ar), 830 (1H, brs, Ar), 8.40 (1H, s, Ar), 8.65 (1H, br s, Ar).

Synthesis of Compound (68)

68
/N\‘

7T

OH

7

(S)-2-{[5-(7-Hydroxycarbamoyl-heptanoylamino)-pyri-
din-3-ylmethyl]-amino }-3-phenyl-propionic acid tert-butyl
ester (68) (was prepared using the procedure outlined for the
preparation of compound (66): LCMS purity 100%, m/z 499
[M*+H]*, '"H NMR (400 MHz, MeOD), §: 1.20 (9H, s, C(C
H,);), 1.25-1.35(4H, m, 2xCH,), 1.49-1.65 (4H, m, 2xCH,),
2.00 (2H,t,CH,), 2.35 (3H, t, CH,), 3.00 (1H, m), 3.32 (1H,
m), 4.15-4.30 (3H, m), 7.15-7.30 (SH, m, Ar), 8.30 (1H, brs,
Ar), 8.45 (1H, s, Ar), 8.65 (1H, br s, Ar).

Synthesis of Compound (69) and Compound (70)

()
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Stage 1: Loading of Fmoc amino caproic acid onto
resin

fmoc
. N /\/\/\l.r
H

To a mixture of hydroxylamine 2-chlorotrityl resin (2.5 g,
loading 0.94 mmol/g) 1n anhydrous DCM (10 ml) was added
a solution of 1,3-dusopropylcarbodiimide (1.1 ml, 7.05
mmol) and 6-(Fmoc-amino) caproic acid (2.5 g, 7.05 mmol)
in anhydrous DCM (10 ml). DMF (5 ml) was added and the
reaction shaken at room temperature for 1 h. Test cleavage
revealed 96% conversion to required product. The resin was
filtered and washed using the standard wash procedure. The
resin was dried under vacuum.

Stage 2: Fmoc Deprotection

Stage 1 Fmoc protected amine resin (2.0 g, loading 0.94
mmol/g) was dissolved 1n a solution of 20% piperidine in
DMF (25 ml, excess) and shaken at room temperature for 30

minutes. A test cleavage indicated complete conversion by
LCMS, 100% (ELS detection). The resin was filtered, washed
using the standard wash procedure and dried under vacuum.

Stage 3: Coupling Reaction

Cl

To resin bound stage 2 amine (2.0 g, loading 0.94 mmol/g)
in anhydrous DCM (10 ml) and DMF (10 ml) was added DIC

(0.71 ml, 5.64 mmol) and 3-(chloromethyl)benzoic acid (0.96
g, 5.64 mmol). The mixture was shaken for 1 hour before test
cleavage revealed 49% conversion by LCMS, m/z 219 [M™+

H]". The resin was filtered and washed using the standard
wash procedure. The resin was dried under vacuum.

Stage 4: Chloride Displacement with
L-phenylglycine cyclopentyl ester

~
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To resin bound stage 3 chloride (0.5 g, 0.47 mmol) 1n
anhydrous DMF (5 ml) was added L-phenylglycine cyclo-
pentyl ester tosyl salt (0.57 g, 1.41 mmol), DIPEA (0.24 ml,

1.41 mmol) and a catalytic amount of sodium 1odide. The
reaction mixture was heated at 60° C. for 1 hour. LCMS

following test cleavage revealed 45% conversion, m/z 482
[M™+H]™. The resin was filtered and washed using the stan-
dard wash procedure. The resin was dried under vacuum.

Stage 5: (S)-[3-(5-Hydroxycarbamoyl-pentylcarbam-
oyl)-benzylamino]-phenyl-acetic acid cyclopentyl
ester (69)

69

OH

2
B

Stage 4 resin (1.0 g, loading 0.94 mmol/g) was gently
shaken 1n 2% TFA/DCM (10 ml) for 20 mins. The resin was
filtered. The filtrate was collected and evaporated under
reduced pressure at room temperature. The resin was re-
treated with 2% TFA/DCM (10 ml) and after 20 mins filtered.
The combined filtrates were evaporated to dryness under
reduced pressure at room temperature to give a residue. The
residue was purified by preparative HPLC to yield compound
(69). LCMS purity 89%, m/z 482 [M*+H]*, '"H NMR (400
MHz, MeOD), o: 1.24-1.82 (14H, m, 7xCH,), 2.03 (2H, t,
CH,),3.30(2H, t,CH,),4.08 (1H, d, CHHPh), 2.20 (1H, d, C
HHPh), 5.09 (1H, s, OCOCHPh), 5.18 (1H, m, CHOCOQ),
7.39-7.54 (7TH, m, Ar), 7.77 (2H, m, Ar). -
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Stage 6: Saponification of cyclopentyl ester

o F

Stage 4 resin (1.35 g, loading 0.94 mmol/g) was suspended
in THF (4.7 ml) and methanol (4.7 ml). 1.4M sodium hydrox-
ide was added (9.4 ml, 12.66 mmol). The mixture was shaken
for 48 h. LCMS of the test cleave showed 49% conversion to
the acid, m/z414 [M™+H]". The resin was filtered and washed
with waterx2, MeOHx2, followed by the standard wash pro-
cedure. The resin was dried under vacuum

Stage 7: (S)-[3-(5-Hydroxycarbamoyl-pentylcarbam-
oyl)-benzylamino]-phenyl-acetic acid (70)

S
™

70

HO

N

O

7

O O
R N N
No NN N E‘f
X ‘ O

Z
A

R

~NF

0O
N AN N ~0
H ‘ H
0O

H
R\.O N\/\/O
X
F

108

Stage 6 resin (1.35 g, loading 0.94 mmol/g) was gently
15 shaken 1 2% TFA/DCM (10 ml) for 20 mins. The resin was
filtered. The filtrate was collected and evaporated under
reduced pressure at room temperature. The resin was re-
treated with 2% TFA/DCM (10 ml) and after 20 mins filtered.
The combined filtrates were evaporated to dryness under
reduced pressure at room temperature to give a residue. The
residue was purified by preparative HPLC to yield compound
(70). LCMS purity 100%, m/z 414 [M*+H]*, "H NMR (400
MHz, MeOD), 6: 1.30 (2H, m, CH,), 1.57 (4H, m, 2xCH,),
2.20 (2H, t, CH,), 3.30 (2H, t, CH,), 4.05 (1H, d, CHHPh),
4.18 (1H, d, CHHPh), 4.90 (1H, s, OCOCHPh), 7.35-7.52
(7H, m, Ar), 7.78 (2H, m, Ar).
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Synthesis of Compounds in FIG. 4 Exemplified by
Compound (71) and Compound (72)

FIG. 4
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R = cyclopentyl 75
R=H 76
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-continued
O O
R TI:II O I'% OH
O
\/
R = cyclopentyl 77
R=H 78
Preparation of Building Blocks M,N,O s Stage 2: 3-(2-Bromo-ethyl)-phenylamine
Building Block M
A solution of 2-(3-Amino-phenyl)-ethanol (2.0 g) 1n 48%
aq HBr (20 ml) was heated at 90° C. for 18 h. The mixture was
HO NO, cooled to room temperature, and the precipitate formed was
\/\/\‘/ H, 20 collected by filtration. The solid was dried 1n vacuo yielding
10% PA/C Building block M, 1.8 g (61% vyield). LCMS purity 90%, m/z
X Stage 1 200/202 [M+H]*.
Building Block N
HO NO O NO
NaOH/DMF
\/ Stage 1 F
H,
10% Pd/C
Stage 2
Y
O NH O NH
Br/\/ \/\/ ’ 48% aq HBr HO/\/ \/\/ ’
‘ Stage 3 ‘
\/ \/
Building block N
_continued Stage 1: 2-(3-Nitro-phenoxy)-ethanol
HO\/\/\/ N
‘ To a solution of 3-nitrophenol (10 g, 71.9 mmol) in DMF
NP + (40 ml) was added NaOH pellets (3.16 g, 79.1 mmol) and
2-bromoethanol (3.6 ml, 79.1 mmol). The reaction mixture
48% aq HBr was heated at 60° C. for 18 h. LCMS 1ndicated 65% conver-
Stage 2 s10n to the required product. The reaction mixture was diluted
Y with water (10 ml) and was slowly neutralised with 2M HCI.
Br NH;  °Y The reaction mixture was extracted with EtOAc (50 ml) and
washed with water (30 ml). The EtOAc layer dried (Na,SQO,,),
filtered and evaporated to dryness. Flash column chromatog-
HBr raphy purification eluting with 30% EtOAc/heptane gave the
Building block M required product (8.2 g, 62% vield). LCMS purity 100%, m/z
22 184 [M+H]*.
Stage 2: 2-(3-Amino-phenoxy)-ethanol
Stage 1: 2-(3-Amino-phenyl)-ethanol
60

A mixture of mitro phenethyl alcohol (8.0 g, 0.047 mol) and
10% Pd/C (0.6 g) in ethanol (100 ml) was stirred under a
hydrogen atmosphere (balloon pressure) for 18 h. The reac-
tion mixture was filtered through a pad of celite and the Pd/C
catalyst removed. The filtrate was concentrated under
reduced pressure to yield a light brown solid 6.1 g (95%

yield). LCMS purity 98%, m/z 138 [M+H]*.

65

Reduction was carried out using the procedure outlined for
Building block M.

Stage 3: 3-(2-Bromo-ethoxy)-phenylamine

Bromination was carried out using the procedure described
for Building block M.
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Building Block O

HO NO» HO O NO»
~N X a7 N Ol _ NN N

NaOH/DMF ‘

\/ Stage 1 \/
H
10% Pd/C
Stage 2
Y
B O NH HO O NH
f\/\/ ™~ \ ’ 48% aq HBr \/\/ N \ ’
‘ Stage 3 ‘
F F
Building block O
Building block O was prepared as described for Building,

block G with 3-bromo-1-propanol used in place of 2-bromo- 5
cthanol.

Synthesis of Compounds 1n FIG. 4 Exemplified for

Compound (71, R=cyclopentyl) and Compound (72,

R—H)
O O
& N §\|I(\/\/\)I\ o8
YUY "
H
O
< ‘
\/
Stage 1: Coupling of aniline derivative to carboxylic To a suspension of hydroxylamine 2-chlorotrityl resin
acid functionalised resin derivatized with suberic acid (1.0 g, 0.94 mmol, loading 0.94

" mmol) in DCM/DMF (10 m1/10 ml) was added DIPEA (1.75
ml) followed by building block M, 0.8 g, 2.82 mmol. PyBrOP
(0.53 g, 3.76 mmol) was added and the suspension shaken for

18 h. The resin was washed using the standard wash proce-
dure and was thoroughly dried.

45

Stage 2: Displacement of bromide with
L-phenylglycine cyclopentyl ester

To a suspension of stage 1 resin (0.4 g, 0.38 mmol) in DMF
(4 ml) 1n a vial, was added L-phenylglycine cyclopentyl ester

tosyl salt (0.44 %,, 1.12 mmol) and DIPEA (0.67 ml, 3.76
65 mmol) followed by Nal (50 mg). The reaction was allowed to

stand at 65° C. for 8 h. The resin was thoroughly washed using
the standard wash procedure.
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Stage 3: (S)-{2-[3-(7-Hydroxycarbamoyl-heptanoy-
lamino)-phenyl]-ethylamino } -phenyl-acetic acid

cyclopentyl ester (71)
O
O g
O \/\/\‘/
- V

Stage 2 resin was cleaved with 2% TFA/DCM (10 mlx3).
The filtrate was concentrated to dryness and the residue puri-
fied by preparative HPLC to afford compound (71) as the TFA
salt. Yield 21 mg (11% overall), LCMS purity 99%, m/z 510
[M*+H]*, "HNMR (400 MHz, MeOD), 8: 1.35-1.95 (16H, m
8xCH,), 2.10 (2H, t, CH,), 2.38 (2H, t, CH,), 2.91-3.29 (4H,
m), 5.18 (1H, s, OCOCHPh), 5.32 (1H, m, CHOCO), 6.98
(1H, m, Ar), 7.30 (2H, m, Ar), 7.47-7.56 (5H, m, Ar), 7.62
(1H, s, Ar).

20

25

Stage 4: Saponification

| N N
O NN ‘

7 X 0

« \

40
Stage 2 resin (1.2 g, 1.12 mmol) was suspended in THEF/

MeOH (12 ml/12 ml). 2.7M NaOH solution added and mix-
ture was shaken for 18 h at room temperature Upon comple-
tion of reaction the resin was thoroughly washed (Standard

wash procedure). 45

Stage 5: (S)-{2-[3-(7-Hydroxycarbamoyl-heptanoy-
lamino)-phenyl]-ethylamino } -phenyl-acetic acid (72)

50

72
O O
H H
N N _OH
HO N
H
O
60

Stage 4 resin (0.8 g, 0.76 mmol) was cleaved with 2%
TEFA/DCM (10 mlx3). Filtrate was concentrated to dryness
and residue purified by preparative HPLC to give compound
(72) as a TFA salt, yield 40 mg (10% overall). LCMS purity
of 100%, m/z 442 [M*+H]*, "H NMR (400 MHz MeOD), &:
1.20-1.35 (4H, m, 2xCH,), 1.45-1.70 (4H, m, 2xCH,), 1.95
(2H, t, CH,), 2.25 (2H, t, CH,), 2.80-3.20 (4H, m CH,NH, C

55

65
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71

OH

7

H,Ph), 5.00 (1H, s, CHCOOH), 6.85 (1H, m, Ar), 7.15 (2H,
m, Ar), 7.40 (5H, s, Ar), 7.50 (1H, s, Ar).

The following compounds were prepared according to the
procedure described for compounds (71) and compound (72)

(S)-2-{2-[3-(7-Hydroxycarbamoyl-heptanoylamino)-
phenoxy|-ethylamino }-3-phenyl-propionic acid
cyclopentyl ester (73)

Building Block N Used
LCMS purity 94%, m/z 540 [M*+H]*, '"HNMR (400 MHz,
MeOD), o: 1.26-1.82 (16H, m, 8xCH,), 2.11 (2H, t, CH,),

2.39 (2H, t, CH.,), 3.15 (1H, dd, CHHPh), 3.44 (1H, dd, CH
HPh), 3.56 (2H, m, CH,), 430 (2, t, CH,), 4.40 (1H, m),

3.13 (1H, m, CHOCO), 6.76 (1H, d, Ar), 7.00 (1M, d, Ar),

7.24-7.41 (6H, m, Ar), 7.57 (1H, s, Ar).

(S)-2-{2-[3-(7-Hydroxycarbamoyl-heptanoylamino)-
phenoxy

-ethylamino }-3-phenyl-propionic acid (74)

Building Block N Used

LCMS purity 100%, m/z 472 [M*+H]*, 'H NMR (400
MHz, MeOD), o: 1.35-1.46 (4H, m, 2xCH,), 1.61-1.77 (4H,
m, 2xCH,), 2.11 (2H, t, CH,), 2.40 (2H, t, CH,), 3.28-3.40
(2H, m, CH,, masked signal), 3.53 (2H, t, CH,), 4.29 (2H, t,
CH,), 4.38 (1H, t, OCOCHCH,), 6.75 (1H, d, Ar), 7.00 (1H,
d,Ar),7.25 (1H,t,Ar),7.30-7.41 (5H, m, Ar), 7.53 (1H, s, Ar).

(S)-2-{3-[3-(7-Hydroxycarbamoyl-heptanoylamino)-
phenoxy]-propylamino }-3-phenyl-propionic acid
cyclopentyl ester (75)

Building Block O Used

LCMS purity 100%, m/z 554 [M*+H]*, "H NMR (400
MHz, MeOD), §: 1.29-1.87 (16H, m, 8xCH.,), 2.10 (2H, t,
CH,), 2.21 (2H, m, CH.,), 2.37 (2H, t, CH,), 3.12 (1H, dd, C

HHPh), 3.25-3.43 (3H, m, CHHPh, CH,), 4.11 (2H, t, CH,),
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433 (1H, m, OCOCHCH,), 5.18 (1H, m, CHOCO), 6.78  m, 4xCH,), 1.80-1.90 (2H, m, NHCH,CH,), 2.00 (2H, t,
(1H, d, Ar), 7.00 (1H,d, Ar), 7.22 (1H, t, Ar), 7.24-7.39 (5H,  CH.,), 2.25 (2H, t, CH,), 2.55-2.70 (2H, m, NHCH,), 3.90
m, Ar), 7.44 (1H, s, Ar). (2H, t, CH,CH,0), 4.25 (1H, s, OCOCHPh), 5.05 (1H, m, C

_ HOCO), 6.55 > (1H, m, Ar), 6.95 (1H, m, Ar), 7.00-7.10 (1H,
(8)-2-{3-[3-(7-Hydroxycarbamoyl-heptanoylamino)- 5 m, Ar), 6.15-6.35 (6H, m, Ar)
phenoxy|-propylamino }-3-phenyl-propionic acid

(76) (S)-{3-[3-(7-Hydroxycarbamoyl-heptanoylamino)-
henoxv|-propvlamino t -phenvl-acetic acid cvclo-
Building Block O Used P yl-propy D entyl}espter (¥8) 4
LCMS purity 100%, m/z 486 [M™+H]", 'H NMR (400 10
MHz, MeOD), 6: 1.34-1.47 (4H, m, 2xCH,), 1.60-1.75 (4H, Building Block O Used

m, 2xCH,), 2.10 (2H, t, CH,), 2.19 (2H, m, 'CHZ),, 2.38 (2H, LCMS purity of 100%, m/z 472 [M*+H]*, "H NMR (400
t, CH,), 3.25-3.40 (4H, m, 2xCH,, masked signal), 4.09 (2H, My DMSO). 8- 1.20-1 40 (411 YCH.). 1.45-1.65 (4H
tj CHZ):J 435 (1Hj OCOCHCHZ):J 675 (1Hj dj A_[‘)j 698 (1Hj 1 Zg ): . . =1. ( ,) m: X 2)!1 s =-1. ( b

d,Ar), 7.20 (1H, t, Ar), 7.28-7.39 (SH, m, Ar), 7.41 (1H, s, Ar). 15 ™ 2xCHs), 1.90 (2H, m, NHCH,CH,), 2.00-2.20 (2H, m,
CH,), 2.20-2.35 (2H, m, CH,), 2.80-3.10 (2H, m, NHCH,

(S)-{3-[3-(7-Hydroxycarbamoyl-heptanoylamino)- masked signal), 3.90-4.00 (2H, m, CH,CH,0), 4.60-4.85
phenoxy|-propylamino } -phenyl-acetic acid cyclo- (1H, brs, OCOCHPh), 6.55 (1H, d, Ar), 7. 05 (1H,d, Ar), 7.15
pentyl ester (77) (1H, m, Ar), 7.30-7.60 (6H, m, Ar), 8.50-8.85 (1H, br s), 9.85
»o (1H, s), 10.35 (1H, s).
Building Block O Used | | |
LCMS purity of 100%, m/z 540 [M*+H]*, '"H NMR (400 Synthesis of Compounds 1n FIG. 5 Exemplified by
MHz, MeOD), o: 1.20-1.50 (8H, m, 4xCH,), 1.50-1.80 (8H, Compound 79 and Compound 80
FIG. 5
\/\
O O Z
0 { )J\
SN \/\/\N
H ‘ H
O \/
R = cyclopentyl 79
R=H 80
O O
N N
H
O P
R = Cyclopentyl 81
R=H &2

Synthesis of Compound 79 (R=cyclopentyl) and
Compound 80 (R—H)

7z,

B
O O /
HO )J\/v\/\n/ﬁ )k O
"\N N .
H H
O O
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Stage 1: 3-Nitro-benzylamine

O,>N

I
F

NH,

3-Nitrobenzyl bromide (10 g, 46.3 mmol) was dissolved in
cthanol (200 ml) and stirred at room temperature A solution of
conc.NH, (aq) (200 ml) 1n ethanol (300 ml) was added drop-
wise to the reaction over 30 minutes. The reaction was stirred
for 18 h at room temperature before evaporating to dryness.
Water (350 ml) was added to the residue and the solution was
washed with EtOAc (2x200 ml). The aqueous layer was bas-
ified with 1M NaOH and extracted with EtOAc (2x200 ml).
The organic extracts of the basic layer were combined, dried
(Na,SO,) and evaporated to dryness. The product was

obtained as an orange o1l (4.6 g, 65% vyield). LCMS purity
100%, m/z 153 [M*+H]".

Stage 2: 1-Isocyanatomethyl-3-nitro-benzene

O,N

3-Nitro-benzylamine (2.3 g, 15.1 mmol) was dissolved in
anhydrous dioxane (50 ml) under N, atmosphere. Diphos-
gene (2.2 ml, 18.2 mmol) was added, a precipitate formed
which dissolved upon heating to 75° C. The reaction was
stirred at 73° C. for 3 h, cooled and evaporated to dryness
giving 3.4 g of crude material which was used in the next step
without further purification.
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Stage 3: (S)-[3-(3-Nitro-benzyl)-ureido]-phenyl-
acetic acid cyclopentyl ester

O Ph
O-N )J\ O
e
‘ H H
P O \E>
L-phenylglycine cyclopentyl ester tosyl salt (7.47 g, 19.1
mmol) was dissolved in DMF (70 ml). Triethylamine (5.8 ml,
42.0 mmol) was added and the mixture was cooled to 0° C. A
solution of 1-Isocyanatomethyl-3-nitro-benzene (3.4 g, 19.1
mmol 1n 30 ml of DMF) was added slowly to the reaction
mixture under a N, atmosphere. Stirring was continued for 18
h allowing the reaction to warm to room temperature The
mixture was diluted with water (200 ml) and extracted with
EtOAc (2x200 ml). The organic extracts were washed with
water (3x100 ml) and brine (100 ml), dried (Na,SO,) and
evaporated to dryness. The crude urea was purified by column

chromatography (1% MeOH/DCM) to yield a pale yellow o1l
(4.6 g, 65% yield). LCMS purity 85%, m/z 398 [M*+H]".

Stage 4: (S)-[3-(3-Amino-benzyl)-ureido]-phenyl-
acetic acid cyclopentyl ester

H,N

O Ph
)l\ O
N N*I‘( \
H H
O 3

(S)-[3-(3-Nitro-benzyl)-ureido]-phenyl-acetic acid cyclo-
pentyl ester (3.6 g, 9.0 mmol) was dissolved in ethanol (50
ml) Pd/C (10% wet) catalyst (100 mg) was added and the

mixture was stirred under H, atmosphere (balloon pressure)
for 18 h. The reaction mixture was filtered through a celite

plug and evaporated to dryness to give a purple o1l (2.34 g,
71% vyield). LCMS purity 90%, m/z 368 [M"+H]".

Stage 5: Coupling to resin

O Ph
\/\NJ\N V
‘ H H \D
O

Hydroxylamine 2-chlorotrityl resin dernivatized with
suberic acid (1.5 g, loading 0.94 mmol/g) was swollen 1n
DMF (15 ml) and PyBOP (2.2 g, 4.23 mmol) added, followed

by DIPEA (2.4 ml, 14.1 mmol). Stage 4 aniline (1.3 g, 3.53
mmol) was dissolved mm DCM (15 ml) and added to the
reaction mixture. The reaction was shaken for 42 h at room
temp before standard resin wash and drying.
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Stage 6: (S)-{3-[3-(7-Hydroxycarbamoyl-heptanoy-
lamino)-benzyl]-ureido }-phenyl-acetic acid cyclo-
pentyl ester (79)

7T

HO

O F

Stage 5 resin bound cyclopentyl ester (1.75 g) was shaken
with 2% TFA/DCM (15 ml) for 10 min before filtering the
resin and evaporating the solvent under reduced pressure at
room temperature This process was repeated (x3) and the
combined crude product was purified by preparative HPLC to
yield compound (79). LCMS purity 100%, m/z 539 [M™+H]™,
"HNMR (400 MHz, MeOD), 8: 1.34-1.90 (16H, m, 8xCH.,).
2.11 (2H, t, CH,), 2.38 (2H, t, CH,), 4.30 (2H, s, CH,), 5.18
(1H, m, CHOCQO), 5.30 (1H, s, OCOCHPh), 7.05 (1H, d, Ar),
7.26 (1H, t, Ar), 7.34-7.40 (5H, m, Ar), 7.47 (2H, m, Ar).

Stage 7: (S)-{3-[3-(7-Hydroxycarbamoyl-heptanoy-
lamino)-benzyl]-ureido }-phenyl-acetic acid (80)

Z D

HO

Tz,

O N

Compound (79) (75 mg) was dissolved in THF (1 ml) and
2M NaOH (aq, 1 ml) added. The reaction was stirred at room
temperature for 2 h. THF was removed under a stream of N,
and the aqueous layer (~1 ml) was purified by preparative
HPLC to yield compound (80). LCMS purity 99%, m/z 471
[M*+H]*, '"HNMR (400 MHz, MeOD), 6: 1.20-1.35 (4H, m,
2xCH,), 1.45-1.65 (4H, m, 2xCH,), 2.00 (2H, t, CH,), 2.25
(2H, t, CH,), 4.20 (2H, s CH,NH), 5.25 (1H, s CHPh), 6.90
(1H, d, Ar), 7.10 (1H, t, Ar), 7.15-7.40 (7H, m, Ar).

The following compounds were prepared according to the
procedure described for compounds (79) and compound (80)

(S)-2-{3-[3-(7-Hydroxycarbamoyl-heptanoylamino)-
benzyl]-ureido}-3-phenyl-propionic acid cyclopentyl
ester (81)

LCMS purity 95%, m/z 553 [M*+H]*, "H NMR (400 MHz.
MeOD), &: 1.20-1.40 (4H, m, 2xCH.,), 1.40-1.80 (12H, m,
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79

80

O

A

OH

N N
H H

6xCIL,), 2.00 (2H, t, CH,), 2.25 (2H, t, CH.,), 2.90 (2H, m,
CHCH,Ph), 4.15 (2H, s CH,NH), 4.40 (1H, m, OCOC
HCEHS), 5.00 (1H, m, CHOCO), 6.85 (1H, d, Ar), 7.00-7.25
(6H, m, Ar), 7.35 (2H, brs, Ar).

(S)-2-{3-[3-(7-Hydroxycarbamoyl-heptanoylamino)-
benzyl]-ureido }-3-phenyl-propionic acid (82)

LCMS purity 94%, m/z 485 [M*+H]*, "H NMR (400 MHz,
MeOD), §: 1.30-1.50 (4H, m, 2xCH,), 1.60-1.80 (4H, m,
2xCH,), 2.10 (2H, t, CH,), 2.35 (2H, t, CH, ), 2.95-3.25 (2H,
m, CHCH,Ph), 4.25 (2H, s, CH,NH), 4.60 (1H, m OCOC
HCH.,), 7.00 (1H, d, Ar), 7.15-7.35 (6H, m, Ar), 7.45 (2H, m,
Ar)
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Synthesis of Compounds Outlined 1n FIG. 6
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Figure 6
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R = cyclopentyl 91

Stage 1: 7-(1-Isobutoxy-ethoxycarbamoyl)-heptanoic
acid methyl ester

O
/OW(\/\/\)I\NJOYO\/]\
H
O

Monomethyl suberate (25.0 g, 13.3 mmol, 1.0 eq) was
dissolved in THF (300 mL) and DCM (300 mL). EDC.HCI
(25.46 g, 13.3 mmol, 1.0 eq) was added to the stirred solution,
tollowed by HOBt (17.95 g, 13.3 mmol, 1.0 eq) and triethy-
lamine (48.5 mL, 34.5 mmol, 2.6 eq). O-(1-Isobutoxy-ethyl)
hydroxylamine (21.9 mL, 15.9 mmol, 1.2 eq) was added to
the viscous solution and the reaction allowed to stir overnight
at room temperature. The reaction mixture was concentrated
under vacuum, DCM (350 mL) was added and washed with

water (250 mL) and brine (200 mL). The organic layer was
1solated, dried (MgSQO,), filtered and concentrated 1n vacuo.
The product was obtained as a white solid (36.6 g, 91% yield)
LCMS punity 88%, m/z 302 (IM*™+H)™. This was used 1n the

next step without further purification.

Stage 2: 7-(1-Isobutoxy-ethoxycarbamoyl)-heptanoic
acid

O
HO O O\/I\
N.—f" \r
H
O
7-(1-Isobutoxy-ethoxycarbamoyl)-heptanoic acid methyl

ester (36.6 g, 12.1 mmol, 1.0 eq) was stirred in THF (200 mL)
and water (200 mL) 1n the presence of lithium hydroxide
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and ethyl acetate (200 mL) were added. The mixture was
acidified cautiously to pH 3 by addition of 1N HCI. The
organic phase was 1solated and the aqueous layer re-extracted
with ethyl acetate (150 mL). The organic phases were com-
bined, dried (MgSQO,), filtered and concentrated 1n vacuo.
The product was obtained as a white solid (29.0 g, 83% yield),
m/z 288 [M"+H]™" and used in stage 4 without further purifi-

cation.

Stage 3: 4-Trimethylsilanyloxymethyl-phenylamine

NH,

i
~

O

To a stirred solution of 4-amino benzyl alcohol (16.0 g,

13.0 mmol, 1.0 eq) 1n THF (400 mL), was added triethy-
lamine (18.9 mL, 13.6 mmol, 1.05 eq) followed by trimeth-
ylchlorosilane (17.2 mL, 13.6 mmol, 1.05 eq). The reaction
mixture was stirred under a nitrogen atmosphere overmght at
room temperature. THF was evaporated under vacuum and
the mixture partitioned with ethyl acetate (300 mL ) and water
(300 mL). The organic phase was 1solated and the aqueous
layer re-extracted with ethyl acetate (2x100 mL). The com-
bined organic phases were washed with brine (2x150 mL),
dried (MgSQO.,), filtered and concentrated in vacuo. The prod-
uct was obtained as a yellow o1l (24.0 g, 95% vield) and used
in stage 4 without further purification.

Stage 4: Octanedioic acid
(4-hydroxymethyl-phenyl)-amide
(1-1sobutoxyethoxy)-amide

) \Q/%MEJOTO\/J\

(8.68 g, 36.2 mmol, 3.0 eq) for 3 h at 50° C. THF was
evaporated under vacuum and to the mixture water (100 mL)

65

7-(1-Isobutoxy-ethoxycarbamoyl)-heptanoic acid (5.0 g,
1.72 mmol, 1.0 eq) and 4-trimethylsilanyloxymethyl-pheny-
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lamine (3.38 g, 1.72 mmol, 1.0 eq) were stirred together 1n
DMF (140 mL). To the mixture was added PyBroP (10.5 g,

2.25mmol, 1.3 eq) and DiPEA (3.9 mL, 2.25 mmol, 1.3 eq).
The reaction was stirred under a nitrogen atmosphere over-
night at room temperature. Ethyl acetate (200 mL) and water
(200 mL) were added. The aqueous phase was 1solated and
re-extracted with ethyl acetate (2x100 mL). The combined
organic phases were washed with water (2x50 mL) and brine
(50 mL), then dned (MgSQ,,), filtered and concentrated 1n
vacuo. The crude product was dissolved 1n the minimum of
cthyl acetate and purified by passing through a pad of silica.
The product was washed through the silica using ethyl acetate
and collected mn 100 mL conical flasks until elution ceased by
LCMS analysis. Purification gave a yellow o1l (3.59 g, 53%

yield). LCMS purity 61%, m/z 417 [M*"+Na]™

Stage S: Octanedioic acid (4-formyl-phenyl)-amide
(1-1sobutoxy-ethoxy)-amide

I \)\
H
N\[(\/\/\.)‘\Nfo O 20
H
O\ O

‘\
F
O N
T T
O

)

10

15

<
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Octanedioic  acid  (4-hydroxymethyl-phenyl)-amide
(1-1sobutoxyethoxy)-amide (100 mg, 0.025 mmol, 1.0 eq)
was dissolved in DCM (5 mL). To the reaction mixture, was
added MnQO, (286 mg, 0.33 mmol, 13.0 eq) and was stirred at
room temperature for 1.5 h. The reaction mixture was filtered
over Celite and washed through with DCM, followed by
evaporation of solvent to give a yellow o1l (78.6 mg, 79%
yield) LCMS purity 353%, m/z 415 [M*™+Na]™. The product
was used 1n the subsequent steps without further purification.

Stage 6: (R)-{4-[7-(1-Isobutoxy-ethoxycarbamoyl)-
heptanoylamino]-benzylamino }-phenyl-acetic acid
cyclopentyl ester

0
~y ~0 o/ﬁ/
H
0

40

45

50

Octanedioic acid (4-formyl-phenyl)-amide (1-1sobutoxy-
cthoxy)-amide (276 mg, 0.70 mmol, 1.0 eq) and D-phenylg-
lycine cyclopentyl ester (170 mg, 0.77 mmol, 1.1 eq) were

stirred 1n DCE (15 mL) for 10 min. Acetic acid (65 ul.) was
added and stirred for 2 min. Sodium triacetoxyborohydride

(448 mg, 0.21 mmol, 3.0 eq) was 1introduced and the reaction
mixture stirred under a nitrogen atmosphere, at room tem-
perature for 1 h. Sodium hydrogen carbonate was added to
quench the reaction. DCM was then added and the organic
phase isolated. The aqueous layer was re-extracted with
DCM, organic layers combined, dried (MgSQO,), filtered and
concentrated 1n vacuo to give crude product (100 mg, 24%)

LCMS purity 94.0%, m/z 496 [m™+H]™ which was taken on
without further purification.

Step 7: (R)-[4-(7-Hydroxycarbamoyl-heptanoy-
lamino)-benzylamino]-phenyl-acetic acid cyclopen-
tyl ester (83)

83

Z D

OH



US 8,636,032 B2

127

(R)-{4-[7-(1-Isobutoxy-ethoxycarbamoyl)-heptanoy-
lamino]-benzylamino }-phenyl-acetic acid cyclopentyl ester
(50 mg, 0.08 mmol, 1 eq) was dissolved in DCM (0.5 mL ) and
stirred with 4M HCI 1 dioxane (0.2 mL) for 30 min. The

128

(S)-Cyclohexyl-[4-(7-hydroxycarbamoyl-heptanoy-
lamino)-benzylamino]-acetic acid (87)

LCMS purity 95%, m/z 434 [M*+H]*, 'HNMR (300 MHz,

resulting salt was concentrated, dissolved in methanol and 5 MeOD), 0:1.23-1.96 (18H, m, 9xCH,), 2.10-2.15 (2H, m,

purified by preparative HPLC to yield compound (83). LCMS
purity 94%, m/z 496 [M*+H]*, '"H NMR (300 MHz, MeOD),
0: 1.41-1.95 (16H, m, 8xCH,,), 2.15-2.17 (2H, m, CH,), 2.40
(2H, t, I=7.2 Hz, CH,), 4.16 (2H, q, J=13.5 Hz, CH,), 5.12
(1H, s, CH), 5.27-5.30 (1H, m, CH), 7.40 (2H, d, J=8.7 Hz,
Ar—H), 7.50-7.56 (SH, m, Ar—H), 7.67 (2H, d, J=8.7 Hz,
Ar—H).

Stage 8: (R)-[4-(7-Hydroxycarbamoyl-heptanoy-
lamino)-benzylamino]-phenyl-acetic acid (84)

84

HO
N O
O N
NJ\/\/\/\H/ Non
H
O

To a solution of CHR-003644 (50 mg, 0.008 mmol, 1.0 eq)
in THF (2 mL) and water (2 mL), was added L1OH (8.0 mg,
0.033 mmol, 4.0 eq). The reaction was stirred under a nitro-
gen atmosphere at 40° C. overnmight. THF was evaporated
under vacuum and the remaining aqueous reaction solvent

washed with ethyl acetate. The solution was acidified to pH 3
and the product concentrated 1n vacuo. The resulting salts
were dissolved 1n methanol and the product purified by pre-
parative HPLC to yield compound (84). LCMS purity 97%,
m/z 428 [M*+H]*, 'HNMR (300 MHz, MeOD), §: 1.39-1.41
(4H, m, 2xCH,), 1.62-1.74 (4H, m, 2xCH,), 2.13-2.15 (2H,
m, CH,), 2.40 (2H,t, J=7.5Hz, CH,),4.14 (2H, q, J=12.9 Hz,
CH,), 5.06 (1H, s, CH), 7.39 (2H, d, I=8.4 Hz, Ar—H), 7.54
(5H, s, Ar—H), 7.67 (2H, d, J=8.7 Hz, Ar—H)

The following compound was prepared 1n a similar manner
to Compound (83) and Compound (84 ) using the appropriate
intermediates.

(S)-2-[4-(7-Hydroxycarbamoyl-heptanoylamino)-
benzylamino]-4-methyl-pentanoic acid cyclopentyl
ester (85)

LCMS purity 97%, m/z 476 [M*+H]*, "H NMR (300 MHz,
MeOD), §:0.98-1.03 (6H, m, 2xCH,), 1.41-1.42 (4H, m,
2xCH,), 1.71-1.96 (14H, m, 7xCH,), 2.10-2.15 (2H, m,
CH.,), 2.40 (2H, t, J=7.2 Hz, CH,), 3.96-4.01 (1H, m, CH),
4.15-4.26 (2H, m, CH.,), 4.81 (1H, s, CH), 5.31-5.34 (1H, m,
CH), 7.44 (2H, d, J=8.7 Hz, Ar—H), 7.70 (2H, d, J=8.7 Hz,
Ar—H)
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CH,), 2.39 (2H, m, CH,), 3.71 (1H, m, CH), 4.12 (2H, q,
1=7.2 Hz, CH,), 4.80 (1H, s, CH), 7.43 (2H, d, J=8.4 Hz,
Ar—H), 7.68 (2H, d, 1=8.7 Hz, Ar—H)

(S)-3-tert-Butoxy-2-[4-(7-hydroxycarbamoyl-hep-
tanoylamino )-benzylamino|-butyric acid cyclopentyl
ester (88)

LCMS purity 83%, m/z 520 [M*+H]*, "H NMR (300 MHz,
MeOD), 8:1.19 (9H, s, 3xCHs,), 1.29 (3H, d, J=7.8 Hz, CH,),
1.37-1.41 (4H, m, CH,), 1.64-1.89 (12H, m, CH,), 2.09-2.15
(2H, m, CH,), 2.40 (2H, t, J=7.2 Hz, CH.,), 3.36-3.37 (11, m,
CH), 3.70-3.71 (1H, m, CH), 4.24-4.27 (2H, m, CH,), 5.17-
5.19 (1H, m, CH), 7.42 (2H, d, J=6.9 Hz, Ar—H), 7.68 (2H,
d, J=8.4 Hz, Ar—H)

(S)-3-tert-Butoxy-2-[4-(7-hydroxycarbamoyl-hep-
tanoylamino)-benzylamino|-propionic acid cyclo-
pentyl ester (89)

LCMS purity 95%, m/z 506 [M*+H]|*, 'H NMR (300 MHz,
MeOD), 8:1.23 (9H, s, C(CH,),), 1.36-2.09 (16H, m,
8xCH,), 1.66 (2H, t, I=7.7 Hz, CH,), 1.75 (2H, t, ]=7.4 Hz.
CH.), 2.11 (2H, t, I=7.4 Hz, CH,), 2.40 (2H, t, J=7.3 Hz,
CH,), 3.92 (2H, m, CH,), 4.16 (1H, m, CH), 4.26 (2H, s,
CH,), 5.32 (1H, m, CH), 7.45 (2H, d, J=8.5 Hz, ArH), 7.67
(2H, dd, J=3.2, 8.3 Hz, ArH).

(S)-3-tert-Butoxy-2-[4-(7-hydroxycarbamoyl-hep-
tanoylamino)-benzylamino|-propionic acid (90)

LCMS purity 95%, m/z 438 [M*+H]*, "H NMR (300 MHz,
MeOD), §: 1.25 (9H, s, C(CHs,)5), 1.39-1.42 (4H, m, 2xCH,),
1.62-1.69 (4H, m, 2xCH,), 2.08-2.17 (2H, m, CH,), 2.40
(2H, t, I=7.5 Hz, CH,), 3.85-3.96 (2H, m, CH.,), 4.01-4.04
(1H, m, CH), 4.26 (2H, s, CH,), 7.46 (2H, d, J=8.4 Hz,
Ar—H), 7.68 (2H, d, J=8.4 Hz, Ar—H)

(S)-2-[4-(7-Hydroxycarbamoyl-heptanoylamino)-
benzylamino]-3-phenyl-propionic acid cyclopentyl
ester (91)

LCMS purity 95%, m/z 510 [M*+H]*, 'HNMR (300 MHz,
MeOD), 6:1.17-2.43 (22H, m, 11xCH,), 4.19-4.30 (2H, m,
CH,), 5.08 (1H, s, CH), 5.20-5.26 (1H, m, CH), 7.24-7.71
(9H, m, Ar—H)

Compound (86) was prepared was prepared via alternative
methodology the modified conditions are detailed below

Step 6b: (S)-Cyclohexyl-{4-[7-(1-isobutoxy-ethoxy-
carbamoyl)-heptanoylamino]-benzylamino }-acetic
acid cyclopentyl ester



US 8,636,032 B2

129

Octanedioic acid (4-formyl-phenyl)-amide (1-1sobutoxy-
cthoxy)-amide (220 mg, 0.056 mmol, 1.0 eq) and L-cyclo-
hexyl-glycine cyclopentyl ester (138.9 mg, 0.062 mmol, 1.1
eq) were stirred 1n methanol (8 mL) overnight at room tem-
perature. Sodium borohydride (31.8 mg, 0.084 mmol, 1.5 eq)
was 1ntroduced and the reaction mixture stirred for 15 min.
The reaction mixture was transferred to an ice bath and 2
drops of sodium hydroxide (2M) were added. Diethyl ether
was added and the organic phase 1solated. The aqueous layer
was re-extracted with diethyl ether, organic layers combined

HO

7,
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and washed with brine. The organic phase was then dried
(MgSQO,) filtered and concentrated 1n vacuo to give crude
material which was taken to the next step without further
purification.

Step 7b: (S)-Cyclohexyl-[4-(7-hydroxycarbamoyl-
heptanoylamino)-benzylamino]-acetic acid cyclo-
pentyl ester (86)

36

Z D

OH

2,

Material from step 6b (50 mg, 0.083 mmol, 1 eq) was
dissolved in DCM/methanol (2 mL:2 mL) and stirred with
TFA (1.0 mL) for 2 h. The resulting salt was concentrated,
dissolved 1n methanol and purified by preparative HPLC to
yield compound (86). LCMS purity 100%, m/z 502 [M™+H],
'H NMR (300 MHz, MeOD), §: 1.28-1.98 (26H, m,
13xCH,), 2.10-2.15 (2H, m, CH,), 2.40 (2H, t, J=7.8 Hz,
CH,), 3.81 (1H, d, J=3.9 Hz, CH), 4.21 (2H, m, CH,), 5.01
(1H, s, CH), 5.23-5.25 (1H, m, CH), 7.43 (2H, d, J=8.4 Hz,
Ar—H), 7.68 (2H, d, J=8.7 Hz, Ar—H)

Synthesis of 92 and 93

/\‘
N

O
% O\/\)l\ O
N ‘\R
H
O U O

Stage 1: 4-(3-Nitro-phenoxy)-butyric acid methyl
ester

O
0-N 0\/\)]\
2 \O/ 0/

To a solution of 3-nitrophenol (8.35 g, 60 mmol), in DMF
(50 ml) was added K,CO, (16.56 g, 120 mmol) and methyl

1,4-bromobutyrate (11.95 g, 66 mmol). The reaction was
stirred at room temperature for 16 h. The reaction was diluted
with ethyl acetate and water. The organic phase was separated
and washed with water (2x200 ml). The organic phase was
dried with Na,SO, and concentrated 1n vacuo. The required
cther was 1solated following chromatography (ethyl acetate:
heptane, 1:9) as a pale yellow solid (12.2 g, 85% vyield).
LCMS purity 100%, m/z 240 [M™+H]™.
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Stage 2: 4-(3-Amino-phenoxy)-butyric acid methyl
ester

N /\‘ /O\/\)I\ o >

X

Stage 1 nitro ester (250 mg, 1 mmol) was dissolved in 1"

cthanol (3 ml). Pd/carbon (40 mg) was added and the reaction
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45

65
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0
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stirred under a hydrogen atmosphere (balloon pressure) for
16 h. The reaction mixture was filtered through celite. The
celite pad was washed with ethanol and the combined organic
fractions concentrated 1n vacuo to give the required product as
an orange o1l (210 mg, 100% yield). LCMS purity 89%, m/z
210 [M*+H]". The aniline was used in the next stage without
turther punfication.

Stage 3: Coupling to Resin

Suberic acid dermvatised hydroxylamine 2-chlorotrityl
resin (8 g, 7.52 mmol, loading, 0.94 mmol/g) was swollen in
DCM/DMF (80 ml/80 ml). PyBOP (11.8 g, 22.6 mmol) and
dusopropylethylamine (13.1 ml, 75.2 mmol) were added to
the flask followed by 4-(3-amino-phenoxy)-butyric acid
methyl ester (4.73 g, 22.6 mmol). The reaction was shaken at
room temperature for 72 h before standard wash and drying.

Stage 4: Ester Hydrolysis

Stage 3 resin (9.5 g), was suspended in THF/MeOH (34
ml/34 ml). NaOH (1.4 M, aq, 34 ml) was added and the

reaction shaken for 16 h at room temperature. The resin was
washed using the standard wash procedure before air drying.

Stage 5: Amino acid ester Coupling

/\‘

N

YN
O

Z
X

ZiT

Stage 4 resin (2.1 g), was suspended in DCM/DMEF (20
ml/20ml). PyBOP (3.1 g, 5.92 mmol), N-phenlglycine cyclo-

pentyl ester (2.4 g, 5.92 mmol) and diuisopropylethylamine
(3.4 ml, 19.7 mmol) were added sequentially and the reaction

shaken at room temperature for 72 hours. The resin was
submitted to standard wash and dried.
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Stage 6: (S)-{4-[3-(7-Hydroxycarbamoyl-heptanoy-
lamino)-phenoxy]-butyrylamino } -phenyl-acetic acid
cyclopentyl ester (92)

7T

HO

O X

Stage S resin bound cyclopentyl ester (1.1 g) was shaken
with 2% TFA/DCM (10ml) for 10 minutes before filtering the
resin and evaporating the solvent under reduced pressure at
room temperature. The process was repeated (x3) and the

combined crude product purified by preparative HPLC to
yield compound (92) (114 mg). LCMS purity 99%, m/z 568

(M*+H]*, 'H NMR (400 MHz, MeOD), &:1.40 (4H, m,
2xCH,), 1.45-1.90 (13H, m, alkyl), 2.10 (4H, m, 2xCH,),

134

92

2.40 (2H, 1, CH,), 2.50 (2H, m, CH.,), 4.00 (2H, m, CH,), 5.15
(1H, m,), 5.40 (1H, s, NHCHCO), 6.65 (1H, m, Ar) 7.15 (1H,

20 m, Ar), 7.20 (1H, t, Ar), 7.30 (1H, s, Ar), 7.40 (5H, s, Ar).

Stage 7: (S)-{4-[3-(7-Hydroxycarbamoyl-heptanoy-
lamino)-phenoxy]-butyrylamino } -phenyl-acetic acid
(93)

03
0 0
HO N O\/\)]\ OH
SN N
H H
O O

HO

i,

R = cyclopentyl 94 R =H 95

40

45

50

Stage 6 cyclopentyl ester resin (300 mg) was suspended in
THF (15 ml). To the suspension was added NaOH (1.4M aq.,

1.6 ml) and the reaction shaken for 16 hr at room temperature.
The filtrate was removed and the resin washed and dried

before cleavage. Cleavage was effected by shaking with 2%
TFA/DCM (5 ml) for 10 minutes before filtering the resin and

evaporating the solvent under reduced pressure at room tem-
perature. The process was repeated (x3) and the combined
crude product purified by preparative HPLC to yield com-
pound (93) (62 mg). LCMS purity 99%, m/z 500 [M™+H],
"H NMR (400 MHz, MeOD), 8:1.40 (4H, m, 2xCH,), 1.60-
1.80 (4H, m, alkyl), 2.10 (4H, m, 2xCH,), 2.40 (2H, t, CH,),
2.50 (2H, t, CH,), 4.00 (2H, m, CH,), 5.45 (1H, s, NHC
HCO), 6.65(1H,d,Ar) 7.10(1H, m, Ar), 7.20 (1H, t, Ar), 7.25
(1H, s, Ar), 7.30-7.45 (5H, m, Ar).

Synthesis of 94 and 95
/\‘
) N
H
N\/\/\OJ\N O\R
H
O \'/‘ O
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Stage 1: 3-nitro-benzyl-chroroformate Formation

O

PN

O Cl

0,N

To a solution of 3-nitro benzyl alcohol (10 g, 65 mmol), in
dioxane (anhydrous, 100 ml) was added trichloromethyl
chloroformate (9.47 ml, 78 mmol). The reaction was heated at
75° C. under nitrogen for 16 h. The solvent was evaporated
and the residue resuspended 1n dioxane and evaporated. The
procedure was repeated (x3). The crude chloroformate was
used 1n the next stage without further purification.

Stage 2: (S)-2-(3-Nitro-benzyloxycarbonylamino)-3-
phenyl-propionic acid cyclopentyl ester

N

o X

\/\/’\O)'l\E O
N ‘ O \D

X

L-Phe-cyclopentyl ester.’ TsOH salt (9.42 g, 23 mmol) was
suspended in DCM (40 ml). Triethylamine (6.5 ml, 47 mmol)
was added and the reaction stirred at room temperature for 5
min. Stage 1 chloroformate (5 g, 23 mol) dissolved in DCM
(10 ml) was added to the reaction mixture added dropwise
with cooling (ice bath). The reaction was stirred for 16 h at
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room temperature. The solvent was removed and the residue
dissolved 1n EtOAc (100 ml) washed with water (50 mlIx3)
and dried (Na,SO,,) before concentration 1n vacuo. The crude
maternial was purified by chromatography (EtOAc:heptane,
1:9) to give the required carbamate (6.4 g, 67% vyield). m/z
413 [M"+H]"

Stage 3: (5)-2-(3-Amino-benzyloxycarbonylamino)-
3-phenyl-propionic acid cyclopentyl ester

0
‘/\O)J\E O\D
O

H,N

Stage 2 nitro carbamate (6.4 g, 15.5 mmol) was dissolved
in ethanol (64 ml). Tin chloride dihydrate (17.5 g, 77 mmol)
was added and the reaction stirred for 16 h at room tempera-
ture. The solvent was evaporated and the residue dissolved in
EtOAc (60 ml). A saturated solution of sodium potassium
tartrate (60 ml) was added followed by a solution of saturated
sodium hydrogen carbonate (120 ml). The biphasic solution
was stirred for 15 min. The organic layer was separated and
the aqueous phase extracted with EtOAc (60 mlx1). The
organic layers were combined, dried and the solvent evapo-
rated to give the crude product which was purified by chro-
matography (EtOAc:heptane 1:3—1:1). The required prod-
uct was 1solated (3.5 g, 59% vyield). LCMS purity 100%, m/z
383 [M™+H]".

Stage 4: Coupling to Resin

X
O
O

Suberic acid dermvatised hydroxylamine 2-chlorotrityl
resin (2.0 g, 1.88 mmol, loading, 0.94 mmol/g) was swollen in

DMF (20 ml). PyBOP (2.93 g, 5.64 mmol) and diisopropyl
cthylamine (3.25 ml, 18.8 mmol) were added. Stage 3 anilino
carbamate (1.8 g, 4.7 mmol) dissolved in DCM (20 ml) was
added and the reaction shaken for 4 d before filtrate removal
and standard wash of the resin which was dried under atr.

ZR
N

O
A
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Stage 5: (S)-2-[3-(7-Hydroxycarbamoyl-heptanoy-
lamino)-benzyloxycarbonylamino]-3-phenyl-propi-
onic acid cyclopentyl ester (94)

04
&
O O \
HO\E §\/\/\0)‘L§/(n/0\ :
O \/ O

Stage 4 resin bound cyclopentyl ester (2 g) was shaken with 2.90(2H, ddd, CH,),3.80 (1H, m), 4.25 (1H, dd, NHCHCO),
2% TFA/DCM (15 ml) for 10 minutes before filtering the 4.90(2H, s, CH,), 5.05(1H, m), 5.35(1H, m), 6.95 (1H, d, Ar)

resin and evaporating the solvent under reduced pressure at >y 7.05-7.25 (6H, m, Ar), 7.35-7.75 (2H, m, Ar).

room temperature. The process was repeated (x3) and the

combined crude product purified by preparative HPLC to

yield compound (94). LCMS purity 95%, m/z 554 [M*+H]", Stage 6: (S)-2-[3-(7-Hydroxycarbamoyl-heptanoy-
"H NMR (400 MHz, MeOD), 8:1.30 (4H, m, 2xCH.,), 1.40- lamino)-benzyloxycarbonylamino]3-phenyl-propi-
1.90 (13H, m, alkyl), 2.00 (2H, t, CH,), 2.30 (2H, t, CH,), onic acid (95)

95

HO

/
/zm
\
>=

7,

Compound (94) (100 mg, 0.18 mmol) was dissolved 1n
40 THF (1 ml) and 2M NaOH (1 ml) added. The reaction vial
was shaken for 4 h before THF removal via a stream of
nitrogen. The aqueous residue was purified by preparative
HPLC to yield compound (93) (62 mg). LCMS purity 93%,
m/z 486 [M*+H]", "H NMR (400 MHz, MeOD), 8:1.35 (4H,
m, 2xCH,), 1.55-1.75 (4H, m, alkyl), 2.10 (2H, t, CH,), 2.35
(2H,t,CH,),2.95(2H, dd, CH), 3.20 (1H, dd, CH), 4.45 (1H,
dd, NHCHCO), 5.00 (2H, s, CH,), 7.05 (1H, d, Ar), 7.20-7.35
(6H, m, Ar), 7.55 (2H, m, Ar).

45

Synthesis of Compound (96) and Compound (97)

0
HO N
™~ == /\NH 0

R = cyclopentyl 96
R=H97
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Stage 1: (S)-7-Nitro-1,2,3,4-tetrahydro-1soquinoline-
3-carboxylic acid

O,N

~NF
AN

Prepared as described 1n Tett Letts 42, 2001, 3507,

Stage 2: (S)-7-Nitro-3,4-dihydro-1H-1soquinoline-2,
3-dicarboxylic acid-2-tert-butyl ester

0,N

(S)-7-Nitro-1,2,3,4-tetrahydro-1soquinoline-3-carboxylic
acid (7 g, 31.5 mmol) was dissolved in THF:water (1:1, 350
ml). K,CO, was added (5.2 g, 37 mmol) followed by boc
anhydride (13.7 g, 63 mmol) and the solution heated at 40° C.
for 1 h. THF was removed by evaporation and the aqueous
layer adjusted to pH=7/ before extraction with EtOAc. The
organic layer was washed 0.1 M HCI (x3) and dnied over
Na,SO, before concentration in vacuo. The required N-pro-
tected product was obtained following column chromatogra-
phy (EtOAc:heptane 2:3—EtOAc), (7.5 g, 74%), LCMS
purity 92%, molecular 10n not observed

Stage 3: (5)-3-((5)-1-Cyclopentyloxycarbonyl-3-
methyl-butylcarbamoyl)-7-nitro-3,4-dihydro-1H-
1soquinoline-2-carboxylic acid tert-butyl ester

O,N
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(S)-7-Nitro-3,4-dihydro-1H-1soquinoline-2,3-dicarboxy-
lic acid-2-tert-butyl ester (2.5 g, 7.76 mmol) was dissolved 1n
DCM (100 ml). HOBt(1.16 g, 8.53 mmol) was added, L-leu-

cine cyclopentyl ester (3.19 g, 8.53 mmol) was added fol-
lowed by triethylamine (2.38 ml, 17.1 mmol). EDCIL.HCI

(1.46 g, 8.5 mmol) was added and the reaction stirred at room
temperature for 16 h. To the reaction was added DCM (100
ml) and the organic layer washed with water (3x300 ml),
dried with Na,SO, and the solvent removed 1n vacuo. The
crude product was purified by chromatography (EtOAc:hep-
tane 1:2—=FEtOAc) to give the required product 3.14 g (82%
yield), LCMS purity 100%, m/z 504 [M*+H]™

Stage 4: (S)-7-Amino-3-((S)-1-cyclopentyloxycarbo-
nyl-3-methyl-butylcarbamoyl)-3,4-dihydro-1H-1s0-
quinoline-2-carboxylic acid tert-butyl ester

(S)-3-((S)-1-Cyclopentyloxycarbonyl-3-methyl-butylcar-
bamoyl)-7-nitro-3,4-dihydro-1H-1soquinoline-2-carboxylic
acid tert-butyl ester (3.14 g, 6.24 mmol) and Pd/carbon (0.4 g)
were suspended in EtOAc (20 ml). The reaction was stirred
under a hydrogen atmosphere (balloon pressure) for 16 h. The
solution was filtered through a pad of celite and the solvent
removed. The crude product (3.04 g) was used 1n the next step
without further purification. LCMS purity 83%, m/z 474
[IM*+H]™

Stage 5: Coupling to Resin
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Suberic acid derivatised hydroxylamine 2-chlorotrityl
resin (2.2 g, loading, 0.94 mmol/g) was swollen 1n DCM/
DMF (1:1, 80 ml). PyBOP (3.20 g, 6.15 mmol) and diisopro-
pylethylamine (3.54 ml, 20.7 mmol) were added. Stage 3
anilino amide (3.04 g, 6.43 mmol) dissolved in DMF (40 ml)

was added and the reaction shaken for 3 days before filtrate
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removal and standard wash of the resin which was dried under
air.
Stage 6: (S)-2-{[(S)-7-(7-Hydroxycarbamoyl-hep-
tanoylamino)-1,2,3,4-tetrahydro-1soquinoline-3-car-
bonyl]-amino } -4-methyl-pentanoic acid cyclopentyl

ester (96)
06
N
\/\‘/\ NH 0
© \/\) %\)L O/Q

e

O

Stage S resin bound cyclopentyl ester (600 mg) was shaken
with 2% TFA/DCM (8 ml) for 30 minutes before filtering the

resin and evaporating the solvent under reduced pressure at
room temperature. The crude product was purified by pre-

parative HPLC to yield (S)-2-{[(S)-7-(7-Hydroxycarbamoyl-
heptanoylamino)-1,2,3,4-tetrahydro-1soquinoline-3-carbo-
nyl]-amino }-4-methyl-pentanoic acid cyclopentyl ester (17.5
mg). The boc group 1s removed 1n addition to resin cleavage.
LCMS purity 98%, m/z 545 [M*+H]*, '"H NMR (400 MHz,
MeOD), 0:0.85-0.88 (6H, 2xd, J=6.4 Hz, J=6.5 Hz, 2xCH,),
1.30 (4H, m, alkyl), 1.50-1.65 (13H, m, alkyl), 1.80 (2H, m,
CH,), 1.95(2H,t,CH,), 2.25 (2H, t, CH,), 3.00 (1H, m, CH),
3.25(1H, m, CH), 4.10 (1H, m, CH), 4.25 (2H, s, CH,), 4.29
(1H, m, CH), 5.10 (1H, m, CH), 7.11 (1H, d, J=8.4 Hz, Ar),
7.25 (1H, d, J=8.3 Hz, Ar), 7.55 (2H, m, Ar).

Stage 7: (S)-2-{[(S)-7-(7-Hydroxycarbamoyl-hep-
tanoylamino)-1,2,3,4-tetrahydro-1soquinoline-3-car-
bonyl]-amino }-4-methyl-pentanoic acid (96)

Q7

ZT

Stage S cyclopentyl ester resin (1.55 g) was suspended 1n
THE/MeOH (10 ml/10 ml). To the suspension was added
NaOH (1.4 M aqg., 5 ml) and the reaction shaken for 16 hr at

r.t. The filtrate was removed and the resin washed (standard)
and dried before cleavage. Cleavage (600 mg of resin) was
elfected by shaking with 2% TFA/DCM (8 ml) for 30 minutes
betfore filtering the resin and evaporating the solvent under

reduced pressure at room temperature. The crude product
purified by preparative HPLC to yield Compound (97) (73 .4

mg). The boc group 1s removed 1n addition to resin cleavage.
LCMS purity 96%, m/z 477 [M*+H]*, '"H NMR (400 MHz,
MeOD) 0:0.98-1.02 (6H, 2xd, J=6 Hz, J=6.1 Hz, 2xCH,),
1.40 (4H, m, alkyl), 1.60-1.80 (7H, m, alkyl), 2.10 (2H, t,
J=7.4 Hz, CH,), 2.39 (2H, t, 7.6 Hz, CH,), 3.15 (1H, dd,
I=12.5Hz,J=16.6 Hz, CH),3.45 (1H, dd, J=4.9 Hz, J=17 Hz,
CH) 4.00 (1H, s, CH), 4.20 (1H, dd, J=4.7 Hz, J=12.2 Hz,
CH), 4.40 (2H, m, CH,), 4.55 (1H, dd, J=4.7 Hz, J=10 Hz,
CH),7.25(1H,d,J=8.4Hz,Ar),7.25(1H,d, J=8 Hz, Ar), 7.55
(1H, J=7 Hz, Ar).
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Synthesis of Compound (98) and Compound (99)

O
H
HOS J\/\/\/\’(N
N O
H H
O H/
R = cyclopentyl 98
R=H99

Stage 1: (S)-4-Methyl-2-(4-nitro-benzoylamino)-
pentanoic acid cyclopentyl ester

~NF

| L)
N N
O

O,N

<

L-leucine cyclopentyl ester. TsOH salt (7.98 g, 21.51
mmol) was dissolved in THF (40 ml) and triethylamine (6 ml,
21.5 mmol) added. 4-Nitrobenzoyl chloride (4 g, 21.5 mmol)
was added portionwise with cooling, ice bath. The reaction
was stirred at room temperature for 16 h before evaporation to

HO
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dryness. The residue was dissolved 1n DCM (100 ml) and
washed with saturated sodium hydrogen carbonate (3x100
ml), 1 M HCI (3x100 ml) and brine, dried (Na,SO,,), and the

solvent removed 1n vacuo. to give the required product 5.25 g
(70% vyield) which was used 1n the next step without further
purification, LCMS purity 100%, m/z 349 [M™+H]™

Stage 2: (S)-2-(4- Amino-benzoylamino )-4-methyl-
pentanoic acid cyclopentyl ester

AL

H,N

<

Stage 1 nitro amuade (5.25 g, 15.1 mmol) was dissolved in
cthanol (100 ml). Pd/carbon (200 mg) was added and the
reaction stirred for 16 h at room temperature under hydrogen
(balloon pressure). The reaction mixture was filtered through
celite and evaporated to give the required amine amide 3.9 g
(81% vyield) which was used 1n the next step without further
purification, LCMS purity 100%, m/z 319 [M™+H]™

Stage 3: Coupling to Resin

ZiT

Suberic acid denivatised Wang hydroxylamine resin (1.6 g,
loading, 1.8 mmol/g) was swollen 1n DCM (anhydrous, 20

ml). 1-Chloro-N,N-2-trimethylpropenylamine (1.15 ml, 8.64
mmol) was added dropwise before shaking at room tempera-
ture for 1 h. (5)-2-(4-Amino-benzoylamino)-4-methyl-pen-
tanoic acid cyclopentyl ester (2.75 g, 8.64 mmol) was added
followed by triethylamine (2.4 ml, 17.63 mmol) and the reac-
tion shaken at room temperature for 16 h. The resin was

50 washed (standard) and air dried.

Stage 4: (S)-2-[4-(7-Hydroxycarbamoyl-heptanoy-
lamino)-benzoylamino]-4-methyl-pentanoic acid
cyclopentyl ester (98)

08

C
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Stage 3 resin bound cyclopentyl ester was shaken with 2%
TFA/DCM (10 ml) for 10 minutes before filtering the resin
and evaporating the solvent under reduced pressure at room
temperature. The process was repeated (x3) and the com-
bined crude product purified by preparative HPLC to yield
compound (98) (36 mg). LCMS purity 91%, m/z 490 [M™+
H]*, "HNMR (400 MHz, MeOD), §:0.80-0.95 (6H, 2xCH.,),
1.25 (4H, m, alkyl), 1.40-1.85 (15H, m, alkyl), 2.00 (2H, t,
CH,), 2.30(2H,t,CH,), 4.45 (1H, m, CH), 5.05 (1H, m, CH),
7.60 (2H, d, Ar), 7.75 (2H, d, Ar).

Stage 5: (S)-2-[4-(7-Hydroxycarbamoyl-heptanoy-
lamino )-benzoylamino]-4-methyl-pentanoic acid
(99) 00
O

HO J\/\/\/\n/%
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Compound (98) (21 mg, 0.043 mmol) was dissolved 1n
THF (1 ml) and 2M NaOH (1 ml) added. The reaction vial
was shaken for 16 h before THF removal by blowing a stream
of N, gas at the surface of the solution. The aqueous residue
was purified by preparative HPLC to yield compound (99)
(5.2 mg). LCMS purity 92%, m/z 422 [M*+H]*, 'H NMR
(400 MHz, MeOD), 0:0.95-1.05 (6H, m, 2xCH,), 1.30-1.50
(4H, m, alkyl), 1.55-1.85 (7H, m, alkyl), 2.10 (2H, t, CH,),
2.40 (2H, t, CH,), 4.65 (1H, m, CH), 7.65 (2H, d, Ar), 7.80
(2H, d, Ar).

Synthesis of Compound (100) and Compound (101)

R

X
. N

Tz,

O
HO )J\/\/\/\ /\/\)L Sy
) ]
N F

N N\F O

H

R =cyclopentyl 100
R=H 101

Stage 1: 5-((E)-2-Ethoxycarbonyl-vinyl)-1H-1ndole-
2-carboxylic acid

O

I /\)J\
X X OFEt

0" ]
N
H

F

S-Bromoindole-2-carboxylic acid (400 mg, 1.66 mmol)
and tr1-O-tolyl phosphine (96 mg, 0.32 mmol) were added to
a microwave tube. Ethyl acrylate (0.56 ml, 5.6 mmol), Et,N
(0.92 ml, 6.6 mmol), acetonitrile (2.5 ml) and Pd(OAc), (40
mg, 0.18 mmol) were added. The reaction was placed 1n a
CEM microwave at 150 W, 90° C. for 30 minutes with 5 min
ramp time. EtOAc was added and the reaction mixture filtered
through celite. The celite pad was washed with DCM and the
combined organic fractions removed to give a yellow solid.
The solid was redissolved in DCM and extracted into satu-
rated sodium hydrogen carbonate. The aqueous layer was
washed with DCM and diethyl ether. The aqueous basic layer
was acidified with 2M HCI (pH=5) and the product extracted
into EtOAc. The solvent was removed to give the required
product (370 mg, 86% vield). LCMS purity 86%, m/z 260
[M™+H]™
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Stage 2: 5-((E)-2-Ethoxycarbonyl-vinyl)-1H-1ndole- 5-((E)-2-Ethoxycarbonyl-vinyl)-1H-1ndole-2-carboxylic
2-carboxylic acid acid (430 mg, 1.66 mmol) was dissolved in EtOAc (100 ml).

Pd/carbon (100 mg) was added and the reaction stirred under
a hydrogen atmosphere (balloon pressure) for 18 h. The reac-
5 tion mixture was liltered through a pad of celite and washed
with EtOAc. The solvent was removed to give the required
product which was used in the next step without further

0 purification (0.47 g). LCMS purity 92%, m/z 262 [M"+H]™

/\J\
10

0" |
N
H

z Stage 3: 3-{2-[6-(Tetrahydro-pyran-2-yloxycarbam-
oyl)-hexylcarbamoyl]-1H-indol-5-yl}-propionic acid
cthyl ester

.

\

O\/ N M\NJ%\ ‘ S oH
N.--'"
H

25

3-((E)-2-Ethoxycarbonyl-vinyl)-1H-1ndole-2-carboxylic
acid (0.427 g, 1.6 mmol) was dissolved in anhydrous DMF
(20 ml). EDCLHCI (0.38 g, 2 mmol), Et,N (0.59 ml, 4.3
mmol), HOBt (0.27 g, 2 mmol) and 7 amino heptanoic acid
30 (tetrahydropyran-2-yloxy)amide™(0.4 g, 1.6 mmol 1n anhy-
drous DMF 20 ml) were added and the reaction stirred at
room temperature for 16 h under nitrogen. Water was added,
the reaction mixture acidified to pH=6-7 (10% citric acid) and
extracted with DCM. The organic layer was washed with 10%
35 citric acid and saturated sodium hydrogen carbonate (x2).
The solvent was removed 1n vacuo to give crude product
which was purified by chromatography (EtOAc:hexane
1:2—=EtOACc) to give the required product as a yellow solid
(550 mg, 69% yield). LCMS purity 93%, m/z 488 [M"+H]"
40 *Preparation of 7 amino heptanoic acid (tetrahydropyran-2-yloxy)amide

Stage 4: 3-{2-[6-(Tetrahydro-pyran-2-yloxycarbam-
oyl)-hexylcarbamoyl]-1H-indol-5-y1}-propionic acid

O

i i /\)‘k
/O\/O\NJ\/\/\/\N / ‘ N o
H H
N
H

F

55

3-{2-[6-(Tetrahydro-pyran-2-yloxycarbamoyl)-hexylcar-

bamoyl]-1H-indol-5-y1}-propionic acid ethyl ester (550 mg,
1.13 mmol) was dissolved 1n THF/methanol (50 ml/25 ml).
1.4 M NaOH solution (50 ml) was added and the reaction
stirred at room temperature for 4 h. The solvent was reduced
to ~50% volume and 1M HCI1 added to pH 6-7. The mixture
was extracted with DCM and further extracted with EtOAc.
The combined organic layer was dried, Na,SO, and the sol-
vent removed 1n vacuo to give the required product 357 mg
65 (69% yield) as a yellow powder which was used 1n the next

step without further purification. LCMS purity 94%, m/z 460

[M™+H]™

60
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Stage 5: (S)-3-Phenyl-2-(3-{2-[6-(tetrahydro-pyran-
2-yloxycarbamoyl)-hexyl-carbamoyl]-1H-1ndol-5-
yl}-propionylamino)-propionic acid cyclopentyl
ester

~O

3-12-[6-(Tetrahydro-pyran-2-yloxycarbamoyl)-hexylcar-
bamoyl]-1H-indol-5-yl}-propionic acid (0357 g, 0.78
mmol) was dissolved i DCM/DMF (20 ml/20 ml).
EDCILHCI (0.163 mg, 0.86 mmol), triethylamine (0.24 ml,
1.7 mmol), HOBt (0.116 mg, 0.88 mmol) and L-phenylala-
nine cyclopentyl ester. TsOH salt (0.346 mg, 0.88 mmol) were
added and the reaction mixture stirred for 16 h at room tem-
perature under nitrogen. The solvent volume was reduced
(~10ml), DCM was added and the organic layer washed with

HO )'I\/\/\/\
N

H

any4

H

<

O
O )J\/\/\/\
N—
H
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water (x3). The organic layer was dried (Na,SO,) and the
solvent removed to give the required product (500 mg, 95%

»o Vvield) which was used without further purification. LCMS
purity 77%, m/z 675 [M"+H]"

Stage 6: (S)-2-{3-[2-(6-Hydroxycarbamoyl-hexyl-
carbamoyl)-1H-indol-5-yl]-propionylamino }-3-phe-
nyl-propionic acid cyclopentyl ester (100)

5
BT

(S)-3-Phenyl-2-(3-{2-[ 6-(tetrahydro-pyran-2-yloxycar-
bamoyl)-hexyl-carbamoyl]-1H-indol-5-y1}-propiony-
lamino)-propionic acid cyclopentyl ester (200 mg. 0.297
mmol) was stirred at room temperature for 3.5 h in TFA/

DCM/MeOH (1.5 ml/15ml/15 ml). Further TFA (0.3 ml) was
added and the reaction stirred for a further 30 minutes. The
solution was concentrated 1n vacuo, resuspended in DCM and
the solvent removed (x3). The crude material was purified by

prep HPLC to give pure compound (100) (19.3 mg), LCMS
purity 100%, m/z 591 [M*+H]*, 'H NMR (400 MHz,
MeOD), 6:1.27-1.70 (16H, m, alkyl), 1.97 (2H, t, CH,), 2.40
(2H,t,J=7.84 Hz, CH,), 2.76-2.85 (4H, m, 2xCH,),3.25 (2H,
t, J=7 Hz, CH,), 4.41 (1H, m, NHCHCO, 4.95 (1H, m, CH),
6.85 (1H, s, CH), 6.95 (3H, m, Ar), 7.05 (3H, m, Ar), 7.20-
7.26 (2H, s+d, J=8.5 Hz, Ar)

100

O

A
F

/]
N
H
40
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50

Stage 7: (S)-2-13-[2-(6-Hydroxycarbamoyl-hexy]-
carbamoyl)-1H-indol-5-y1]-propionylamino }-3-phe-
nyl-propionic acid (101)

55

101

‘ X
o F
OH
S i
H )y O
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Compound (100) (80 mg, 0.14 mmol) was dissolved in
THE/MeOH (1 ml/0.5 ml) and 1.4 M NaOH (0.5 ml) added.
Thereaction was stirred at room temperature for 2 h. THF was
removed by blowing a stream of N, gas at the surface of the
solution and the residual material purified by preparative
HPLC to give compound (101) (34.9 mg), LCMS purity 95%,
m/z 523 [M*+H]*, "H NMR (400 MHz, MeOD), 8:1.35-1.50
(4H, m, alkyl), 1.60-1.75 (4H, m, alkyl), 2.15 (2H, br t, CH,),
2.55 (2H, br t, CH,), 2.95 (3H, m, CH+CH,), 3.10 (1H, dd,
CH), 4.65, (1H, m, NHCHCQO), 7.00-7.15 (7H, m, Ar), 7.35-
7.41 (2H, m, Ar) -

Stage 1: 6-(Tetrahydro-pyran-2-yloxycarbamoyl)-
hexyl]-carbamic acid 9H-tluoren-9-ylmethyl ester

O O fmoc
N '\N/“\/\/\/\ N~
H H

To a solution of 7-(9H-fluoren-9-yloxycarbonylamino)
heptanoic acid (1 g, 2.72 mmol) in anhydrous DCM/THF (15
ml/15 ml) was added EDC1.HCI (627 mg, 3.27 mmol), HOBt
(442 mg, 3.27 mmol) and O-(tetrahydro-pyran-2-yl)-hydoxy-
lamine (383 mg, 3.27 mmol) which was stirred under mitrogen

NN .

RN
S

H
O
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for 48 h. EDCIL.HCI (260 mg, 1.36 mmol), HOBt (184 mg,
1.36 mmol) and O-(tetrahydro-pyran-2-yl)-hydoxylamine
(159 mg, 1.36 mmol) were added and the reaction continued
tor a further 24 h. The reaction mixture was diluted with DCM
(100 ml), washed with water (3x100 ml), brine (100 ml),
dried (Na,SQO,), filtered and concentrated 1n vacuo. Purifica-
tion by chromatography (MeOH:DCM 2:98) gave a white
solid (1.03 g, 81%).

Stage 2: 7-Amino-heptanoic acid
tetrahydro-pyran-2-yl ester

O/\O)J\/\/\/\ N

2

6-(Tetrahydro-pyran-2-yloxycarbamoyl)-hexyl]|carbamic
acid 9H-fluoren-9-ylmethyl ester (300 mg, 0.644 mmol) was
dissolved 1n 20% piperidine/DCM (30 ml) and the reaction
stirred for 0.5 h. The reaction was evaporated to dryness,
redissolved in DCM and evaporated (x3). The required prod-
uct was obtained following chromatography (MeOH:DCM:
NH;), 120 mg. LCMS purity 98%, m/z 245 [M™+H]".

Synthesis of Compound (102) and Compound (103)

\

N
2T
/

OH

A

/

e
E/

R = cyclopentyl 102
R=H 103
Stage 1: Resin Loading,
S
Vi ~
O
OZN/ N

Wang hydroxylamine resin (3.72 g, 1.8 mmol/g) was swol-
len in DMF (50 ml). HATU (7.5 g, 19.7 mmol), 5-nitro-1-
benzothiophene-2-carboxylic acid (3 g, 13.45 mmol, dis-
solved in DMF 150 ml) and diisopropylethylamine (4.65 ml,
26.7 mmol) were added and the resin shaken at room tem-
perature for 4 d. The resin was {filtered and washed using the
standard washing procedure and air dried.
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Stage 2: Nitro Reduction

H,N

Stage 1 resin (4.9 g, 1.8 mmol/g), was swollen 1n DMF
(200 ml) and tin chloride dihydrate (19.9 g, 88 mmol) added.

The reaction was shaken at room temperature for 16 h. The
resin was filtered and washed using the standard washing
procedure and air dried.

Stage 3:
4-(4-Benzyloxycarbonylmethyl-phenoxy)-butyric
acid methyl ester

O O
O/\/\r\

O

Benzyl 4-hydroxyphenyl acetate (9 g, 37 mmol) was dis-
solved in DMF (300 ml). Ground sodium hydroxide (2.23 g,

10

15
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30

45
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56 mmol) and 4-methyl bromo butyrate (6.4 ml, 56 mmol)
were added and the reaction heated at 60° C. for 16 h. Water
was added to the cooled reaction mixture and the solution
acidified (pH=5/6) with 1M HCI. The aqueous layer was
extracted with EtOAc and the organic layer washed with
water (x2), dried over Na,SO,, filtered and evaporated to
dryness. The required diester was obtained following chro-
matography (EtOAc:heptane 1:2), (9.56 g, 75%) LCMS
purity 90%, m/z 343 [M™+H]".

Stage 4: 4-(4-Carboxymethyl-phenoxy)-butyric acid
methyl ester

HO /\
\‘L‘/\‘\/\O/\/\H/O\

O

4-(4-Benzyloxycarbonylmethyl-phenoxy)-butyric  acid
methyl ester (1.4 g, 4.09 mmol) was dissolved in EtOAc (60
ml). Pd/carbon (100 mg) was added and the reaction stirred
under a hydrogen atmosphere (balloon) for 16 h at room
temperature. The reaction mixture was filtered through a pad
of celite and the pad washed with EtOAc. The filtrate was

evaporated to dryness to give a white solid (1.03 g, 100%
yield). LCMS purnty 93%, m/z 253 [M™+H]".

Stage S: Coupling to Resin

/

\

O
\O/\/\I_( .

O

Stage 2 resin (0.18 g, 1.8 mmol/g) was swollen 1n DMF (5
ml). HATU (0.37 g, 0.96 mmol), 4-(4-Carboxymethyl-phe-
noxy)-butyric acid methyl ester (0.247 g, 0.96 mmol dis-
solved in DMF—10 ml) and diisopropylamine (0.56 ml, 3.3
mmol) were added and the reaction shaken at room tempera-
ture for 16 h. The reaction was filtered and the resin washed

>0 using the standard wash procedure and air dried.

Stage 6: Ester Hydrolysis

N
e
Y
O / O/\/\”/OH

O

X

/

\

Stage 5 methyl ester (280 mg, 1.8 mmol/g) was dissolved

65 1 THF/MeOH (4 ml/4 ml) and 1.4 M NaOH (8 ml) added.

The reaction was shaken at r.t. for 16 h. The resin was filtered
and washed using the standard wash and air dried.
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Stage 7: Amino Acid Coupling

Stage 6 resin (1.6 g, 1.8 mmol/g) was swollen 1n anhydrous

/

\

US 8,636,032 B2
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DMF (120 ml). HATU (3.3 g, 8.6 mmol), L-phenylalanine

cyclopentyl ester. TsOH salt (3.4 g, 8.6 mmol) and diisopro-

pylamine (5 ml, 2.9 mmol) were added and the reaction
shaken at room temperature for 16 h. The reaction was filtered 20
and the resin washed using the standard wash procedure and

air dried.

Stage 8: (S)-2-(4-{4-[(2-Hydroxycarbamoyl-benzo
[b]thiophen-5-ylcarbamoyl)-methyl]-phenoxy }-bu-
tyrylamino)-3-phenyl-propionic acid cyclopentyl

ester (102)
O
v
HO\N / ‘ X
H
S i

Stage 7 resin bound cyclopentyl ester was shaken with 2%
TFA/DCM (10 ml) for 10 minutes before filtering the resin
and evaporating the solvent under reduced pressure at room
temperature. The process was repeated (x3) and the com-
bined crude product purified by preparative HPLC to vyield
compound (102) (22.5 mg). LCMS purity 99%, m/z 644
[M*+H]*, "H NMR (400 MHz, MeOD), §:1.45-1.80 (6H, m,
alkyl), 1.95 (2H, pent, CH,), 2.34 (2H, t,J=7.3 Hz, CH,), 2.90
(1H,dd,CH),3.04 (1H,dd,CH),3.62 (2H, s, CH,),3.86, (2H,

7T

P
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m, CH.,), 4.55 (1H, m, NHCHCO), 5.07 (1H, br s, CH), 6.83
(2H, d, J=8.3 Hz, Ar), 7.14-7.18 (5H, m, Ar), 7.25 (2H, d, =8

d, J=8.8 Hz), 8.25 (1H, s, Ar)

Stage 9: (S)-2-(4-{4-[(2-Hydroxycarbamoyl-benzo
[b]thiophen-5-ylcarbamoyl)-methyl]-phenoxy }-bu-

T

tyrylamino)-3-phenyl-propionic acid (103)

/\/\[(

\)J\

>

<\

Hz, Ar), 7.47 (1H, d, J=9 Hz, Ar), 7.73 (1H, s, Ar), 7.81 (1H,

103
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Stage 7 cyclopentyl ester resin (200 mg) was swollen 1n
THE/MeOH (2 ml/2 ml) and 1.4 M NaOH (2 ml) added. The
reaction was shaken at room temperature for 16 h. The resin
was filtered and washed using the standard wash. Resin
bound carboxylic acid was shaken with 2% TFA/DCM (3 ml)
for 10 minutes belore filtering the resin and evaporating the
solvent under reduced pressure at room temperature. The
process was repeated (x3) and the combined crude product

purified by preparative HPLC to yield compound (103) (33.7
mg). LCMS purity 88%, m/z 576 [M*+H]*, 'H NMR (400
MHz, d6-DMSQ), 0:1.93 (2H, m, CH,), 2.30 (2H, m, CH,),

158
2.91 (1H, dd, J=9.9 Hz, J=13.8 Hz, CH), 3.13 (1H, dd, ]=4.8
Hz, J=13.9 Hz, CH), 3.67 (2H, s, CH,), 3.91, (2H, m, CH,),
4.50 (1H, m, NHCHCO), 6.92 (2H, d, J=8.7 Hz, Ar), 7.24-
7.34 (7H, m, Ar), 7.61 (1H, m), 7.92 (1H, brs, Ar), 8.00 (1H,
d, J=8.8 Hz, Ar), 8.31 (1H, d, J=8.1 Hz, Ar), 8.39 (1H, ), 9.36
(1H, brs), 10.36 (1H, s), 11.52 (1H, s), 12.76 (1H, br s)

Synthesis of Compounds 1n FIG. 7 as Exemplified
for Compound (104) and Compound (1035)

FIG. 7
= X \ "
| v | A
N \OH
\ \/ \/ / S
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R = cyclopentyl 104
R=H 105
OH
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AN \ -
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= X \ -
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Step 1:
4-(tert-Butoxycarbonylamino-methyl)-benzoic acid

35

O

HO 40

NHBoc

4- Aminomethylbenzyl alcohol (1.0 g, 6.60 mmol) was
slurried 1n a mixture of THF (10 mL) and water (10 mL). A
solution of saturated sodium hydrogen carbonate was added
until the pH of the solution was >pH 9. The mixture was
cooled to 0° C. and di-tert-butyldicarbonate (2.89 g, 13.23
mmol) added. The reaction was allowed to stir overnight then
THF removed under vacuum. The aqueous mixture was
extracted with EtOAc (20 mL) and then acidified to pH 3 by
addition of 1IN HCI. This was extracted with EtOAc (2x10

mlL), the organic layers combined, dried (MgSQO,) and evapo-
rated to dryness to atford the desired product (1.60 g, 97%). .4
m/z 252 [MT+H]™

45

50

Step 2: (4-Hydroxymethyl-benzyl)-carbamic acid
tert-butyl ester

60

10~ N

NHBoc¢ 65

162

Li1Al, (227 mg, 5.97 mmol) was slurried 1n a mixture of
THF (5 mL) and dioxane (5 mL) and cooled to 0° C. under an
atmosphere of N,. 4-(tert-Butoxycarbonylamino-methyl)-
benzoic acid was dissolved 1n a mixture of THF (5 mL) and
dioxane (5 mL) and added to the chilled solution drop-wise
over 15 min. The reaction mixture was allowed to warm to r.t
and stirred for 16 h. Water (1 mL) was added to the reaction
mixture which was then filtered through celite. The filtrate

was evaporated to dryness and the residue partitioned

between EtOAc (25 mL) and water (25 mL). The aqueous
layer was extracted with EtOAC (2x25 mL), the organic

layers combined, dried (Na,SO, ) and evaporated to dryness
to afford the desired product (460 mg, 100%). m/z 260 [M™+

Nal™
Step 3: (4-Formyl-benzyl)-carbamic acid tert-butyl
ester
O/\ \
‘ Lz NHBoc

(4-Hydroxymethyl-benzyl)-carbamic acid tert-butyl ester
(480 mg, 0.71 mmol) was dissolved in DCM (3 mL) and
cooled to -78° C. (dry 1ce/acetone). Dess-Martin periodinane
(331 mg, 0.78 mmol) was added to the reaction which was
allowed to warm to r.t and stir for 3 h. A 1:1 solution of
saturated sodium bicarbonate and sodium sulfite (20 mL ) was
added and the reaction mixture stirred vigorously for 15 min.
The organic layer was 1solated, washed with saturated sodium
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bicarbonate (10 mL), dried (Na,SO,) and evaporated to dry-
ness to afford the desired compound (480 mg, 100%). m/z
258 [M*"+Na]™

Step 4: (S)-2-[4-(tert-Butoxycarbonylamino-methyl)-
benzylamino]-3-phenyl-propionic acid cyclopentyl
ester

X
\/\/ NHBoc

Ofojr\g/\/\

(4-Formyl-benzyl)-carbamic acid tert-butyl ester (200 mg,
0.85 mmol) was dissolved in DCE (10 mL) and to this was
added phenyl alanine cyclopentyl ester (214 mg, 0.94 mmol).
The reaction was stirred at r.t. for 15 min. Sodium triacetoxy-
borohydride (338 mg, 2.55 mmol) and acetic acid (60 ul.)
were added and the reaction stirred for a further 1 h. Saturated
sodium bicarbonate (10 ml) was added and the solution
diluted with DCM (20 mL). The organic layer was 1solated
and concentrated to afford the desired product which was

taken onto the next step without further purification. m/z 453
[M™+H"”
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Step 5: (S)-2-(4-Aminomethyl-benzylamino)-3-phe-
nyl-propionic acid cyclopentyl ester

7

AN

OOTEAA

N N

(S)-2-[4-(tert-Butoxycarbonylamino-methyl)-benzy-
lamino]-3-phenyl-propionic acid cyclopentyl ester was
treated with 4M HCI 1n dioxane (1 mL, 0.25 mmol) and
stirred at r.t. for 1 h. The mixture was evaporated to dryness
and partitioned between EtOAc (20 mL) and water (20 mL).
Saturated sodium bicarbonate (20 mL) was added to the aque-
ous layer which was then extracted with EtOAc (3x20 mL).
The organic layers were combined, dried (Na,SO,) and
evaporated to dryness to give the desired product (263 mg,
79% over 2 steps). m/z 353 [M™+H]"

Step 6: (S)-2-[4-({[2-(1-Isobutoxy-ethoxycarbam-
oyl)-benzo[b]thiophen-6-ylmethyl]-amino } -methyl)-
benzylamino]-3-phenyl-propionic acid cyclopentyl
ester

N
ﬁmg\oj\o/
S
O

6-formyl-benzo[b]thiophene-2-carboxylic acid (1-1sobu-
toxy-ethoxy) amide (Scheme 7) (220 mg, 0.68 mmol) and
(S)-2-(4-Aminomethyl-benzylamino)-3-phenyl-propionic
acid cyclopentyl ester (263 mg, 0.75 mmol ) were dissolved 1n
DCE (10 mL) under an atmosphere ot N,. Sodium triacetoxy-
borohydride (430 mg, 2.04 mmol) and acetic acid (50 uL)
were added and the reaction stirred at r.t for 3 h. Sodium
hydrogen carbonate (20 mL) was added and the reaction
mixture extracted with dichloromethane (3x30 mL). The
organic layers were combined and concentrated. The residue
was purified by column chromatography (50%-100% EtOAc/
heptane) to give the protected compound (80 mg, 21%). m/z

658 [M*+H]*
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Step 7: (S)-2-(4-{[(2-Hydroxycarbamoyl-benzo[b]

thiophen-6-ylmethyl)-amino]-methyl}-benzy-
lamino)-3-phenyl-propionic acid cyclopentyl ester
(104)
F

A

A

7T

(S)-2-[4-({[2-(1-Isobutoxy-ethoxycarbamoyl)-benzo| b}
thiophen-6-ylmethyl]-amino } -methyl)-benzylamino]-3-

phenyl-propionic acid cyclopentyl ester was dissolved in ,,

DCM (2 mL)and MeOH (2 mL ) and treated with TFA (1 mL).
The mixture was stirred for 1 h at r.t then concentrated to
dryness and DCM (5 mL) and heptane (5 mL) added. The
mixture was evaporated to dryness. This process was repeated
three times to yield compound (104) (20 mg, 59%) as a oil.
LCMS purity 95%, m/z 558 [M™+H]", 1H NMR (300 MHz,
MeOD), o: 1.25-1.91 (8H, m, 4xCH2), 3.12-3.47 (2H, m,
CH2), 4.26 (1H, m, CH), 4.33 (2H, d, J=5.5 Hz, CH2), 4.36
(2H, s, CH2),4.43 (1H, s, CH2), 5.16 (1H, s, CH), 5.13 (1H,
m, CH), 7.25-7.37 (6H, m, ArH), 7.54-7.63 (4H, m, ArH),
7.94 (2H, m, ArH), 8.09 (1H, s, ArH).

Step 8: (S)-2-[4-({[2-(1-Isobutoxy-ethoxycarbam-
oyl)-benzo[b]thiophen-6-ylmethyl]-amino } -methyl)-
benzylamino]-3-phenyl-propionic acid

HOWK\E/\/\‘

25

30
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104

7T

OH

XX
H ‘ \ E\ J\
O

(S)-2-[4-({[2-(1-Isobutoxy-ethoxycarbamoyl)-benzo[b]
thiophen-6-ylmethyl]-amino } -methyl)-benzylamino]-3-
phenyl-propionic acid cyclopentyl ester (40 mg, 0.06 mmol)
was dissolved in THF (2 mL) and water (2 mL). L1OH (8 mg,
0.30 mmol) was added and the reaction mixture heated to 50°
C.Tor36 h. THF was removed by evaporation and the residue
partitioned between water (10 mL) and EtOAc (10 mL). The
aqueous layer was 1solated and the pH adjusted to 3 by addi-
tion of 1M HCI. This was extracted with EtOAc (3x20 mL),
the organic layers combined and evaporated to dryness.

Step 9: (S)-2-(4-{[(2-Hydroxycarbamoyl-benzo[b]
thiophen-6-ylmethyl)-amino |-methyl}-benzy-

lamino)-3-phenyl-propionic (105) 105

50

55

60

(S)-2-[4-({[2-(1-Isobutoxy-ethoxycarbamoyl)-benzo|[b]
thiophen-6-ylmethyl]-amino }-methyl)-benzylamino]-3-
phenyl-propionic acid was dissolved in MeOH (2 mL) and
THF (2 mL). TFA (1 mL) was added at the mixture stirred for
1 h at r.t. The reaction mixture was concentrated to dryness
and DCM (5 mL) and heptane (5 mL ) added. The mixture was
evaporated to dryness. This process was repeated three times
to yield compound (105) (17 mg, 57%) as a pink solid. LCMS
purity 90%, m/z490 [M*+H]", ITHNMR (300 MHz, MeOD),
0: 3.33 (2H, m, CH2),4.19 (1H, m, CH2), 4.29 (2H, s, CH2),
4.35(2H,s,CH2),4.42 (2H,s,CH2),7.29-7.39 (5H, m, ArH),
7.54-7.772 (5H, m, ArH), 7.88 (1H, s, ArH), 8.00 (1H, d J=8.0
Hz, ArH), 8.08 (1H, s, ArH)

The following compounds were prepared according to the

procedure described for compound (104) and compound
(105)
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(S)-2-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-
6-ylmethyl)-amino]-methyl}-benzylamino)-3-(4-
hydroxy-phenyl)-propionic acid cyclopentyl ester
(106)

[CMS purity 98%, m/z 574 [M*+H]*, "H NMR (300 MHz,
MeOD), §: 1.30-1.87 (8H, m, 4xCH.,), 2.97-3.35 (2H, m,
CH.,), 4.17 (1H, m, CH), 4.31 (2H, d, J=5.4 Hz, CH,), 4.36
(2H, s, CH,,), 4.42 (2H, s, CH,), 5.11-5.16 (1H, m, CH), 6.77
(2H, d, J=8.4 Hz, Ar—H), 7.06 (2H, d, J=8.4 Hz, Ar—H).
7.54-7.65 (SH, m, Ar—H), 7.87 (1H, s, Ar—H), 7.99 (1H, d,
J=8.4 Hz, Ar—H), 8.08 (1H, s, Ar—H)

(S)-2-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-
6-ylmethyl)-amino]-methyl}-benzylamino)-3-(4-
hydroxy-phenyl)-propionic acid (107)

LCMS purity 90%, m/z 505 [M*+H]*, "H NMR (300 MHz,
MeOD), §: 3.09-3.27 (2H, m, CH2), 4.03 (1H, m, CH), 4.24
(2H, s, CH2), 4.34 (2H, s, CH2), 4.42 (2H, s, CH2), 6.76 (2H,
dJ=8.3 Hz, Ar—H),7.11 (2H, d J=8.5 Hz, Ar—H), 7.56-7.59
(5H, m, Ar—H), 7.89 (1H, s, Ar—H), 8.02 (1H, d, J=8.4 Hz,
Ar—H), 8.08 (1H, s, Ar—H)

(S)-3-tert-Butoxy-2-(4-{[(2-hydroxycarbamoy]-
benzo[b]thiophen-6-ylmethyl)-amino |-methyl } -ben-
zylamino )-butyric acid cyclopentyl ester (108)

LCMS purity 99%, m/z 568 [M*+H]*, "H NMR (300 MHz,
MeOD), d: 1.20 (9H, s, 3xCH,), 1.29 (31, d, J=6.6 Hz, CH,),
1.67-1.94 (8H, m, 4xCH,), 3.75 (1H, d, J=2.7 Hz, CH),
4.29-4.32 (1H, m, CH), 4.36 (4H, d, J=2.4 Hz, 2xCH.,), 4.43
(2H, s, CH,), 5.22-5.25 (1H, m, CH), 7.54-7.65 (5H, m,
Ar—H), 7.88 (1H, s, Ar—H), 8.01 (1H, d, J=8.1 Hz, Ar—H),
3.08 (1H, s, Ar—H)

(S)-3-tert-Butoxy-2-(4-{[(2-hydroxycarbamoy]-
benzo[b]thiophen-6-ylmethyl)-amino ]-methyl } -ben-
zylamino)-propionic acid cyclopentyl ester (109)

LCMS purity 95%, m/z 554 [M*+H]*, "H NMR (300 MHz,
MeOD), &: 1.23 (9H, s, 3xCH,), 1.67-1.98 (8H, m, 4xCH.,),
3.87-3.98 (2H, m, CH,), 4.19-4.22 (1H, m, CH), 4.34-4.36
(4H, m, 2xCH,), 4.42 (2H, s, CH,), 5.31-5.35 (1H, m, CH),
7.54-7.62 (SH, m, Ar—H), 7.87 (1H, s, Ar—H), 8.00 (1H, d,
J=8.1 Hz, Ar—H), 8.08 (1H, s, Ar—H)

(S)-2-(4-{[(2-Hydroxycarbamoyl-benzo[bJthiophen-
6-ylmethyl)-amino]-methyl } -benzylamino )-4-meth-
ylsulfanyl-butyric acid cyclopentyl ester (110)

LCMS purity 90%, m/z 541 [M*+H]*, "H NMR (300 MHz,
MeOD), 8: 1.70-1.98 (8H, m, 4xCH,), 2.11 (3H, s, CH,),
2.17-2.34 (2H, m, CH,), 2.54-2.73 (2H, m, CH.,), 4.19-4.23
(1H, m, CH), 4.27-4.42 (6H, m, 3xCH.), 5.35-5.39 (1H, m,
CH), 7.54-7.63 (5H, m, Ar—H), 7.87 (1H, s, Ar—H), 7.97-
8.00 (1H, m, Ar—H), 8.08 (1H, s, Ar—H)

(S)-1-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-
6-ylmethyl)-amino]-methyl }-benzyl)-pyrrolidine-2-
carboxylic acid cyclopentyl ester (111)

LCMS purity 96%. m/z 508 [M*+H]*, "H NMR (300 MHz.
MeOD), §: 1.66-2.29 (12H, m, 6xCH.,), 3.59-3.67 (2H, m,
CH,), 4.38-4.46 (6H, m, 3xCH.,), 4.62 (1H, d, 1=12.3 Hz,
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CH), 5.21 (1H, m, CH), 7.61-7.68 (5H, m, Ar—H), 7.88 (1H,
s, Ar—H), 8.00-8.02 (1H, m, Ar—H), 8.13 (1H, s, Ar—H)

(S)-1-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-
6-ylmethyl)-amino]-methyl } -benzyl)-pyrrolidine-2-
carboxylic acid (112)

LCMS purity 100%, m/z 440 [M*+H]*, '"H NMR (300
MHz, MeOD), 8: 1.96-2.09 (2H, m, CH.,), 2.14-2.23 (2H, m,
CH,), 2.52-2.65 (1H, m, CH,), 3.56-3.67 (1H, m, CH,),
4.19-4.25 (1H, m, CH), 4.36-4.57 (6H, m, 3xCH,), 7.55-7.64
(5H, m, Ar—H), 7.88 (1H, s, Ar—H), 7.99-8.01 (1H, m,
Ar—H), 8.09 (1H, s, Ar—H)

(R)-3-tert-Butylsulfanyl-2-(4-{[(2-hydroxycarbam-
oyl-benzo[b]thiophen-6-ylmethyl)-amino]-methyl } -
benzylamino )-propionic acid cyclopentyl ester (113)

LCMS purity 97%, m/z 570 [M+H]*, 'H NMR (300 MHz,
MeOD), 8: 1.36 (9H, s), 1.79 (8H, m), 3.16 (2H, d, 5.3 Hz),
4.25 (2H, t,1=5.6 Hz), 431 (2H, 5), 4.36 (2H,$), 4.42 (2H, s),
534 (1H, m), 7.56 (1H, d, J=8.1 Hz), 7.62 (4H, s), 7.89 (1H.,
s), 8.09 (1M, s), 8.51 (1H, d, J=8.1 Hz),

(R)-3-tert-Butylsulfanyl-2-(4-{[(2-hydroxycarbam-
oyl-benzo[b]thiophen-6-ylmethyl)-amino]-methyl } -
benzylamino)-propionic acid (114)

LCMS purity 97%, m/z 502 [M]*, ‘H NMR (300 MHz,
MeOD), §: 1.35 (9H, s, 3xCH,), 3.09 (2H, m, CH.,), 3.22 (2H,
m, CH,), 3.83 (1H, t, ]=8.8 Hz, CH), 4.34 (21, s, CH,), 4.42
(2H, s, CH,), 7.57 (1H, d, J=10.0 Hz, ArH), 7.62 (4H, s,
ArHx4), 7.89 (1H, s, ArH), 8.02 (1H, d, J=8.1 Hz, ArH), 8.09
(1H, s, ArH).

(S)-2-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-
6-ylmethyl)-amino]-methyl } -benzylamino)-3,3-dim-
cthyl-butyric acid cyclopentyl ester (115)

LCMS purity 94%, m/z 546 [M+Na]*, ‘H NMR (300
MHz, MeOD), §: 1.08 (9H, s, 3xCH,), 1.80 (8H, m, 4xCH.,),
3.49 (1H, s, CH), 4.29 (2H, d, J=13.5 Hz, CH,), 4.29 (2H, d,
J=13.5 Hz, CH,), 4.36 (2H, s, CH,), 4.44 (2H, s, CH,,), 5.19
(1H, 1, J=5.7 Hz), 7.59 (5H, m, ArHx5), 7.88 (1H, ArH), 8.00
(1H, d, J=8.3 Hz), 8.09 (1H, s, ArH).

(S)-Cyclohexyl-(4-{[(2-hydroxycarbamoyl-benzo[ b]
thiophen-6-ylmethyl)-amino]-methyl}-benzy-
lamino)-acetic acid cyclopentyl ester (116)

LCMS purity 100%, m/z 550 [M+H]*, 'H NMR (300
MHz, MeOD), §: 0.86-1.95 (18H, m, 9xCH2), 3.73 (1H, m,
CH), 4.11 (1H,dJ=5.7 Hz, CH), 4.19 (2H, s, CH2), 4.26 (2H,
s, CH2), 436 (2H, s, CH2), 7.53 (5H, m, ArH), 7.77 (11, s,
CH), 7.82 (1H, d J=11.6 Hz, ArH), 8.02 (1H, s, ArH)

(S)-Cyclohexyl-(4-{[(2-hydroxycarbamoyl-benzo[b]
thiophen-6-ylmethyl)-amino]-methyl}-benzy-
lamino)-acetic acid (117)

LCMS purity 100%, m/z 482 [M+H]*, *H NMR (300
MHz, MeOD), &: 0.72-1.60 (10H, m, 9xCH2), 3.89 (1H, m,
CH), 4.11 (3H, m, CH), 4.23 (2H, s, CH2), 4.31 (2H, s, CH2),
7.48 (5H, m, ArH), 7.76 (1H, s, CH), 7.88 (1H, d J=11.6 Hz,
ArH), 7.98 (1H, s, ArH).
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(S)-2-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-
6-ylmethyl)-amino|-methyl }-benzylamino )-4-me-
thyl-pentanoic acid cyclopentyl ester (122)

LCMS purity 94%, m/z 524 [M*+H]*, 1H NMR (300
MHz, MeOD), &: 1.01 (6H, s, 2xCH3), 1.28 (1H, m, CH),
1.56-1.95 (10H, m, 4xCH2, CH2), 4.00-4.43 (6H, m,
3IxCH2), 4.88 (1H, m, CH), 5.36 (1H, br s, CH), 7.47-7.62
(5H, m, ArH), 7.94 (2H, t, ArH), 8.08 (1H, s, ArH). 0

(S)-2-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-
6-ylmethyl)-amino|-methyl }-benzylamino )-4-me-

thyl-pentanoic acid (123)
15

LCMS purity 98%, m/z 456 [M*+H]*, 1H NMR (300
MHz, MeOD), 8: 1.00 (6H, m, 2xCH3), 1.86 (2H, m, CH2),
3.86 (1H, m, CH), 4.29 (2H, s, CH2), 4.36 (2H, s, CH2), 4.43
(2H, s, CH2), 7.56 (1H, m, ArH), 7.89 (1H, s, CH), 8.02 (1H, 20
d J=8.2 Hz, ArH), 8.09 (1M, s, ArH).

(S)-(4-{[(2-Hydroxycarbamoyl-benzo[ b]|thiophen-6-
ylmethyl)-amino]-methyl }-benzylamino)-phenyl-

25
acetic acid cyclopentyl ester (124 )

LCMS purity 90%, m/z 544 [M*+H]*, 1H NMR (300
MHz, MeOD), §: 1.31-1.91 (10H, m, 4xCH2, CH2), 4.22
(2H, dd J=13.1 Hz, CH2), 435 (2H, s, CH2), 4.42 (1H, s, 30
CH2), 5.16 (1H, s, CH), 5.30 (1H, m, CH), 7.47-7.62 (9H, m,
ArH), 7.94 (2H, m, ArH), 8.08 (1H, s, ArH).

(S)-(4-{[(2-Hydroxycarbamoyl-benzo[ b]thiophen-6-
ylmethyl)-amino]-methyl}-benzylamino)-phenyl-
acetic acid (125)

35

LCMS purity 100%, m/z 476 [M*+H]*, 1H NMR (300
MHz, MeOD), 8: 4.08-4.24 (3H, m, CH, CH2), 4.35 (2H, s,
CH2), 4.43 (1H, s, CH2), 7.46-7.75 (10H, m, ArH), 7.89 (1H,

s, ArH), 8.01 (1H, d J=7.9 Hz, ArH), 8.09 (1H, s, ArH)
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The following compounds were prepared according to the
procedure described for compound (104) and compound
(105) using alternatives for step 3 and 4 as outlined below

Step 3b: (4-Bromomethyl-benzyl)-carbamic acid
tert-butyl ester

Br

NHBoc¢

N-Bromosuccinimide (5.13 g, 28.8 mmol) was dissolved
in DCM (80 mL) and cooled to 0° C. A solution of triph-

enylphosphine (7.18 g, 27.0 mmol) mn DCM (20 mL) was
prepared and added to the chilled solution followed by pyri-

dine (1.0 mL, 1.26 mmol). Material from step 2 (2.14 g, 9.0

mmol) was dissolved in DCM (20 mL) and added and the

reaction allowed to warm to r.t. and stirred for 16 h. The
mixture was concentrated and the residue purified by column

chromatography (50%/50% EtOAc/heptane) to afford the
desired compound (864 mg, 32%). m/z 301 [M™+Na]”

Step 4b: (S)-2-[4-(tert- Butoxycarbonylamino -me-
thyl)-benzylamino]-propionic acid cyclopentyl ester

\/NI— 30C

[-Alanine cyclopentyl ester (463 mg, 1.41 mmol) was
dissolved in DMF (9 mL) and to this was added DIPEA (0.74
ml., 4.24 mmol). The mixture was stirred atr.t. for 15 min and
then a solution of material from step 3b (212 mg, 0.706 mmol)
in DMF (5 mL) added dropwise over 1 hr. The reaction was
then allowed to stir at r.t. for 16 hr and was then diluted with
water (50 mL) and EtOAc (50 mL). The organic layer was
washed with brine (2x50 mL), dried and concentrated to give
crude material (0.26 g, 100%) which was taken to the next
step without further purification. m/z 377 [M™+Na]*

Steps 5-9 were as described for compound (104) and

compound (105)
o N o
q N
/ \/N\/ / S \OH

(S)-2-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-
6-ylmethyl)-amino]-methyl } -benzylamino)-propi-
onic acid cyclopentyl ester (118)

LCMS purity 95%, m/z 482 [M*+H]*, "H NMR (300 MHz,
MeOD), &: 1.61 (3H, d, J=7.2 Hz, CH,), 1.71-1.97 (8H, m,
4xCH,), 4.13 (1H, q, J=7.2 Hz, CH), 430 (2H, s, CH.,), 4.36
60 (2H, s, CH,), 4.43 (2H, s, CH,), 5.33-5.36 (1H, m, CH),
7.54-7.63 (5H, m, Ar—H), 7.88 (1H, s, Ar—H), 8.00 (1H, d,
J=8.1 Hz, Ar—H), 8.08 (1H, s, Ar—H)

HO :
\[(\N
H H

N R
; ~0oH

O
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(S)-2-(4-{[(2-Hydroxycarbamoyl-benzo[b]thiophen-
6-ylmethyl)-amino |-methyl } -benzylamino )-propi-
onic acid (119)

LCMS purity 95%, m/z414 [M*+H]*, "HNMR (300 MIz,
MeOD), o: 1.64 (3H, d, J=7.1 Hz, CH,;), 4.06-4.14 (1H, m,
CH),4.31 (2H, s,CH,), 4.36 (2H, s, CH,), 4.43 (2H, s, CH,,),
7.55-7.63 (SH, m, Ar—H), 7.88 (1H, s, Ar—H), 8.00 (1H, d,
J=8.1 Hz, Ar—H), 8.09 (1H, s, Ar—H)

The following compounds were prepared according to the
procedures outlined for compound (118) and compound
(119) incorporating the following alternative/additional steps

Step 4b: [4-(tert-Butoxycarbonylamino-methyl)-
benzylamino]-acetic acid cyclopentyl ester

TY0

O /\/NP

30

Procedure as in step 4a (using the HCI salt of the cyclo-

pentyl ester)
Product: m/z 363 [M™"+H]™

Step 4c¢: [[4-(tert-Butoxycarbonylamino-methyl)-
benzyl]-(9H-fluoren-9-ylmethoxy-carbonyl)-amino]-
acetic acid cyclopentyl ester

AP RV
T Y XU -

8;
}_3
§ )
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To a solution of [4-(tert-Butoxycarbonylamino-methyl)-
benzylamino]-acetic acid cyclopentyl ester (0.2 g, 0.55
mmol) and 1 M Na,CO, (1.1mL, 1.1 mmol)1n DCM (2 mL),
was added slowly with stirring and ice bath cooling, a solution
of 9-Fluorenylmethyl chloroformate (0.14 g, 0.55 mmol) 1n
dioxane (1.4 mL). The mixture was stirred 1n the 1ce bath for
4 h and at room temperature overnight. The mixture was
poured 1nto water (90 mL) and extracted with diethyl ether.
The organic extracts were combined, dried (MgSO,) and

evaporated to dryness to afford the desired product (0.32 g,
100%). m/z 607 [M™+Na]™

Step Sa: [(4-Aminomethyl-benzyl)-(9H-fluoren-9-
ylmethoxycarbonyl)-amino]-acetic acid cyclopentyl
ester

A N X
T T X0 .

\

Procedure as described in step 5.
Product m/z 485 [M*"+H]|™

Step 6a: {(9H-Fluoren-9-ylmethoxycarbonyl)-[4-
({|2-(1-isobutoxy-ethoxycarbamoyl)-benzo[b]
thiophen-6-ylmethyl]-amino } -methyl)-benzyl]-
amino }-acetic acid cyclopentyl ester

4

Procedure as described 1n step 6.
Product m/z 790 [M™+H]"™
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Step 7a: (4-{[(2-Hydroxycarbamoyl-benzo[b]
thiophen-6-ylmethyl)-amino]-methyl}-benzy-
lamino)-acetic acid cyclopentyl ester (120)

O\I.(\E \
0 ‘ /\/E\/

{(9H-Fluoren-9-ylmethoxycarbonyl)-[4-({[2-(1-isobu-
toxy-ethoxycarbamoyl)-benzo[b]thiophen-6-ylmethyl]-
amino }-methyl)-benzyl]-amino }-acetic acid cyclopentyl
ester (0.11 g, 0.14 mmol) was dissolved 1n acetonitrile (3 mL)
and to 1t was added piperidine (1.5 mL). The resulting mixture
was stirred at room temperature for 1 h. The solvent was
evaporated to dryness and the product separated into 2 por-
tions. One portion was taken through to hydrolysis of the
cyclopentyl ester, while the second portion was dissolved 1n
DCM (1.5 mL) and stirred with 4M HCI 1n dioxane (1.0 mL)
for 2 h. The solvent was evaporated to dryness and the product
purified by preparative HPLC to afford the desired product as
a TFA salt. LCMS purity 99%, m/z 468 [M*+H]*, '"H NMR
(300 MHz, MeOD), o: 8.09 (1H, s, ArH), 8.00 (1H, d, J=8.3
Hz, ArH), 7.88 (1H, s, ArH), 7.54-7.65 (5H, m, ArH), 5.31-
5.35(1H, m, CH), 4.43 (2H, s, CH,), 4.35 (2H, s, CH,), 4.31
(2H, s, CH,), 3.96 (2H, s, CH,), 1.65-1.93 (8H, m, 4xCH,)

Step 9a: (4-{[(2-Hydroxycarbamoyl-benzo[b]
thiophen-6-ylmethyl)-amino ]-methyl}-benzy-
lamino)-acetic acid (121)

121
HO N
H
j(\H ! \ i
O N q OH

Procedure as described in step 9.

LCMS purity 99%, m/z 400 [M*+H]*, "H NMR (300 MHz,
MeOD), §: 8.09 (1H, s, ArH), 8.00 (1H, d, J=8.3 Hz, ArH),
7.89 (1H, s, ArH), 7.54-7.62 (5H, m, ArH), 4.43 (2H, s, CH,,),
435 (2H, s, CH.,), 4.32 (2H, s, CH,), 3.93 (2H, s, CH,)

Synthesis of Compounds 1n FIG. 8 Exemplified by
Compound (126) and Compound (127)

O :
H H N
.
O N S OH
O

R = cyclopentyl 126
R=H127

FIG. 8
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120

OH

-continued

0 T
e
R N H
\[(\ N . \ i
O N S OH
O

R =cyclopentyl 128
R=H129

Stage 1: 4-(tert-Butoxycarbonylamino-methyl-cyclo-
hexanecarboxylic acid

O

o

A solution of trans-4-(aminomethyl )cyclohexane carboxy-
lic acid (1 g, 6.4 mmol) and sodium hydroxide (256 mg, 6.4
mmol) 1n 40 ml of dioxane and 40 ml of water was cooled 1n
an ice-water bath while stirring. Di-tert-butyl dicarbonate
(1.39 g, 6.4 mmol) was added and the mixture stirred at r.t. for
S hours and left standing overnight. The solution was concen-
trated 1n vacuo and acidified with 2N HCI to pH 2. The
acidified aqueous layer was extracted 3 times with EtOAc.
The organic layers were pooled and washed with brine. The
organic layer was dried over magnesium sulfate and evapo-
rated to dryness. The product was obtained as a white solid
(1.1 g, 64% yield). "HNMR (300 MHz, CDC1,), 8: 0.86-1.07
(2H, m, CH,), 1.34-1.53 (11H, m, boc and CH,), 1.84 (2H,
dd, J=13.0, 2.3 Hz, CH,), 2.05 (2H, dd, CH,), 2.18-2.35 (1H,
m, CHCH,), 2.99 (2H, t, J=6.3 Hz, CH,NH), 4.59 (1H, br. s,
CHCOOH), 11.0 (1H, br. s, COOH).

Stage 2:
(4-Hydroxymethyl-cyclohexylmethyl)-carbamic acid
tert-butyl ester

H
N\"/OY
O
Lithium aluminium hydride (465 mg, 12.2 mmol) was
suspended 1n anhydrous THF (10 ml) and cooled down to 0°

10”7 N\
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C. under N, atmosphere. A solution of 4-(tert-butoxy-carbo-
nyl-amino-methyl-cyclohexanecarboxylic acid (1.1 g, 4.1
mmol) in THF and dioxane (10 ml, 1:1) was added slowly and
the mixture was stirred overnight at room temperature.
Excess lithium aluminium hydride was quenched by adding
water dropwise. The cake was filtered and washed with THF
(10 ml) and MeOH (10 ml). The filtrate was concentrated 1n
vacuo and acidified with 1N HCI to pH 2. The aqueous was
extracted twice with EtOAc. The organic layer was dried over
magnesium sulfate, filtered and evaporated to dryness to yield
964 mg of product (97% yield). "H NMR (300 MHz, CDCl.,),
o: 0.81-1.08 (4H, m, 2xCH,), 1.33-1.60 (10H, m, boc and
CH), 1.82 (4H, d, J=5.7 Hz, 2xCH,), 2.98 (2H, t, J=6.4 Hz, C
H,NH), 3.46 (2H, d, J=6.4 Hz, CH,OH), 4.60 (1H, br. s, CH)

Stage 3: (4-Formyl-cyclohexylmethyl)-carbamic acid
tert-butyl ester

(4-Hydroxymethyl-cyclohexylmethyl)-carbamic acid tert-
butyl ester (965 mg, 4.0 mmol) was dissolved in DCM (20 ml)
and cooled down to —=78° C. Dess Martin reagent (2.52 g, 6.0
mmol) was dissolved in DCM (30 ml) and added slowly to the
stage 2 alcohol 1n solution. The reaction mixture was then
stirred at r.t. for 3 h. The resulting solution was poured 1nto a
vigorously stirred saturated NaHCO, and Na,S,O; solution
(1:1, 100 ml). The organic layer was separated and washed

with brine, dried over magnesium sulfate and evaporated to
dryness to yield the product (786 mg, 82% vyield). 'H NMR

(300 MHz, CDCL,), &: 0.83-1.01 (2H, m, CH.,), 1.15-1.24
(2H, m, CH,), 1.34 (9H, s, Boc), 1.75-1.88 (2H, m, CH.),
1.90-2.00 (2H, m, CH.), 2.05-2.18 (1H, m, CH), 2.93 (2H, t,
J=6.4 Hz, CH NH) 4.53 (1H, br. s, CHCHO) 9.55 (1H, s.
CHO)

Stage 4: (S)-{[4-(tert-Butoxycarbonylamino-me-
thyl)-cyclohexylmethyl]-amino }-phenyl-acetic acid
cyclopentyl ester

7
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(4-Formyl-cyclohexylmethyl)-carbamic acid tert-butyl
ester (390 mg, 1.6 mmol) and (S)-amino-phenyl-acetic acid
cyclopentyl ester (394 mg, 1.8 mmol) were stirred 1n DCE (6
ml) at r.t. for 25 min. Acetic acid (9.6 ul, 0.16 mmol) and
sodium triacetoxy-borohydride (1.0 g, 4.8 mmol) were added
and the resulting mixture was stirred for 1 h30 atr.t. DCM (10
ml) and a saturated solution of NaHCO, (10 ml) were added
and phases were separated. Aqueous were extracted with
EtOAc (2x10 ml), the organics were dried over magnesium
sulfate, filtered and evaporated to dryness. The crude product

was purified by column chromatography (8:2 heptane/
EtOAc) to vield 223 mg of the pure amine (31% vield).
LCMS purity 100%, m/z 445 [M™+H]".

Stage 3: (S)-[(4-Aminomethyl-cyclohexylmethyl )-
amino|-phenyl-acetic acid cyclopentyl ester

V N/\/\
H
G/ O \/\/ NH,

(S)-{[4-(tert-Butoxycarbonylamino-methyl)-cyclohexyl-
methyl]-amino }-phenyl-acetic acid cyclopentyl ester (223
mg, 0.5 mmol) was stirred in DCM (4 ml), TFA (1 ml) was
added and the mixture was stirred at r.t, for 2 h. The solution
was concentrated 1n vacuo, taken up 1n DCM, washed twice
with a saturated solution of NaHCO, and once with a satu-
rated solution of brine. The organic phase was dried over
magnesium sulfate, filtered and evaporated to vyield the

expected amine as a yellow o1l (130 mg, 75% yield). LCMS

purity 100%, m/z 345 [M*+H]".

Stage 6: (S)-[(4-{[(2-Hydroxycarbamoyl-benzo[b]
thiophen-6-ylmethyl)-amino |-methyl } -cyclohexylm-
cthyl)-amino]-phenyl-acetic acid cyclopentyl ester

(126)
126
T
N\/\/\S “on



US 8,636,032 B2

177

Stage 5 amine (130 mg, 0.38 mmol) was stirred with
6-formyl-benzo[b]thiophene-2-carboxylic acid (1-1sobu-
toxy-ethoxy) amide (Scheme 7) (110 mg, 0.34 mmol) in DCE
for 30 min at r.t. Acetic acid (2.1 ul, 0.03 mmol) and sodium
triacetoxyborohydride (218 mg, 1.0 mmol) were added and
the resulting mixture was stirred overnight at r.t. The mixture
was concentrated in vacuo, taken up 1n EtOAc, washed with a
saturated solution of NaHCO, (10 ml) and brine (10 ml). The
organics were dried over magnesium sulfate, filtered and
evaporated to dryness. The crude product (167 mg) was puri-
fied by preparative HPLC to yield compound (126) as a light
pink solid. LCMS purity 86%, m/z 550 [M*+H]", ca. 10%
carboxylic acid. "H NMR (300 MHz, MeOD), §: 1.08 (4H, m,
2xCH,), 1.76 (14H, m, 6xCH,, and 2xCH), 2.81 (4H, m, 2xC
H,NH), 4.35 (2H, s, CH,NH), 5.12 (1H, s, CHNH), 5.30 (1H,
m, OCH), 7.51 (6H, m, Ar), 7.85 (1H, s, Ar), 7.96 (1H, d, Ar),
8.08 (1H, s, Ar).

Synthesis of ((S)-[(4-{[(2-Hydroxycarbamoyl-benzo
[b]thiophen-6-ylmethyl)-amino |methyl }-cyclohexyl-
methyl)-amino]-phenyl-acetic acid (127)

127

O

HO ; N
H
\I'(\H ] \ g
O N G OH
O

Stage 1: (S)-{[4-(tert-Butoxycarbonylamino-me-
thyl)-cyclohexylmethyl]-amino } -phenyl-acetic acid
tert-butyl ester

e
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(4-Formyl-cyclohexylmethyl)-carbamic acid tert-butyl
ester (899 mg, 3.7 mmol) and (S)-tert-butyl phenylglycine
ester (850 mg, 4.1 mmol) were stirred in DCE (20 ml) for 30

min. Acetic acid (20 ul, 0.37 mmol) and sodium triacetoxy-
borohydride (2.37 g, 11.1 mmol) were added and the reaction
mixture was stirred atr.t. for 3 h. DCM (10ml) and a saturated
solution of NaHCO, (20 ml) were added and phases were
separated. The aqueous phase was extracted with EtOAc (20
ml). The organics were dried over magnesium sulfate, filtered
and concentrated under vacuum. The crude product (2.4 g)
was purified on column chromatography (7:3 heptane/

EtOAc) to yield the expected product (385 mg, 24% vield).
LCMS purity 100%, m/z 433 [M™+H]".

Stage 2: (S)-{[4-(tert-Butoxycarbonylamino-me-
thyl)-cyclohexylmethyl]-amino } -phenyl-acetic acid
tert-butyl ester

e

H
N\H/Oﬁ/
O
(S)-{[4-(tert-Butoxycarbonylamino-methyl)-cyclohexyl-
methyl]-amino }-phenyl-acetic acid tert-butyl ester (385 mg,
0.9 mmol) was stirred in DCM (5 ml) and TFA (2 ml) was
added and the mixture was stirred at r.t. for 30 min. The

solution was concentrated 1n vacuo, taken up 1n EtOAc (5 ml),
washed twice with a saturated solution of NaHCO, (2x5 ml)
and once with a saturated solution of brine (5 ml). The organic
phase was dried over magnesium sulfate, filtered and evapo-

rated to yield the expected amine as a yellow 011 (290 mg, 97%
yield). LCMS purity 100%, m/z 333 [M™+H]".

Stage 3: (S)-{[4-({[2-(1-Isobutoxy-ethoxycarbam-
oyl)-benzo[b]thiophen-6-ylmethyl]-amino }-methyl)-
cyclohexylmethyl]-amino }-phenyl-acetic acid tert-
butyl ester

e
{0

=
AN O
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(S)-{[4-(tert-Butoxycarbonylamino-methyl)-cyclohexyl-
methyl]-amino } -phenyl-acetic acid tert-butyl ester (290 mg,
0.9 mmol) and 6-formyl-benzo[b]thiophene-2-carboxylic
acid (1-1sobutoxy-ethoxy) amide (Scheme 7) (255 mg, 0.8
mmol) were stirred 1n DCE (8 ml) for 30 min. Acetic acid (4
ul, 0.08 mmol) and sodium triacetoxyborohydride (504 mg,
2.4 mmol) were added and the reaction mixture was stirred at
r.t. for 1 h30. DCM (5 ml) and a saturated solution of NaHCO,
(10 ml) were added and phases were separated. The aqueous
phase was extracted with EtOAc (15 ml). The organics were
dried over magnesium sulfate, filtered and concentrated

under vacuum. The crude product (543 mg) was purified on

column chromatography (5 to 10% MeOH 1n DCM) to yield
the expected pure product (172 mg, 34% vield). LCMS purity
100%, m/z 638 [M*+H]".

Stage 4: (S)-{[4-({[2-(1-Isobutoxy-ethoxycarbam-
oyl)-benzo[b]thiophen-6-ylmethyl]-amino } methyl)-
cyclohexylmethyl]-amino }-phenyl-acetic acid tert-
butyl ester (127)

127

O

HO - N
H
\H/\H i \ i
O N q OH
O

(S)-{[4-({[2-(1-Isobutoxy-ethoxycarbamoyl)-benzo|[b]
thiophen-6-ylmethyl]-amino } -methyl)-cyclohexylmethyl]-
amino }-phenyl-acetic acid tert-butyl ester (172 mg, 0.27
mmol) was stirred 1n 4M HCI 1n dioxane solution (2 ml) at r.t.
tor 30 min. The solution was evaporated to dryness to yield
compound (127) as a beige solid (123 mg, 95% yield). LCMS
purity 98%, m/z 482 [M*+H]*. 'HNMR (300 MHz, MeOD),
o: 1.10 (4H, m, 2xCH,), 1.80 (6H, m, 2xCH, and 2xCH),
2.88 (2H, dd, CH,NH), 2.94 (2H, d, CH,NH), 4.36 (2H, s, C
H,NH), 5.07 (1H, s, CH), 7.53 (6H, m, Ar), 7.87 (1H, s, Ar),
7.97 (1H, d, Ar), 8.12 (1H, s, Ar).

The following compounds were prepared according to the

procedure described for Compound (126) and Compound
(127)

(S)-2-[(4-{[(2-Hydroxycarbamoyl-benzo[b]
thiophen-6-ylmethyl)-amino]-methyl } -cyclohexylm-
cthyl)-amino]-4-methyl-pentanoic acid cyclopenty-
lester (128)

LCMS purity 86%, m/z 530 [M*+H]*, "H NMR (300 MHz,
MeOD), §: 0.99 (6H, t, J=6Hz, 2xCH,), 1.11 (4H, t, J=8.1 Hz,
2xCH.,), 1.76 (20H, m, 2xCH and 9xCH,), 2.80 (1H, m, CH),
2.97 (4H, m, 2xCH,NH), 3.95 (1H, m, CH), 4.35 (2H, s, C
H,NH), 5.32 (1H,"m, OCH), 7.54 (1H, d, J=6 Hz, Ar), 7.84
(1M, s, Ar), 7.94 (1H, d, =9 Hz, Ar), 8.08 (1H, s, Ar).

(S)-2-[(4-{[(2-Hydroxycarbamoyl-benzo[b]
thiophen-6-ylmethyl)-amino]-methyl } -cyclohexylm-
cthyl)-amino]-4-methyl-pentanoic acid (129)

LCMS purity 95%, m/z 462 [M*+H]*, "H NMR (300 MHz.
MeOD), §: 1.00 (6H, t, J=6.3 Hz, 2xCH,), 1.10 (4H, m,
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2xCH.), 1.85 (8H, m, 2xCH and 3xCH.,), 2.94 (4H, m, 2xC
H,NH), 3.91 (1H, m, CHNH), 4.36 (2H, s, CH,NH), 7.54
(1H, d, J=7.8 Hz, Ar), 7.85 (1H, 5, Ar), 7.95 (1H, d, J=8.1 Hz,
Ar), 8.08 (1H, s).

Synthesis of Compounds 1n FIG. 9 as Exemplified
tor Compound (130)

130

O g
Ty

131

Y0y

132
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Stage 1: (S)-[(3-nitro-benzyl) -amino]-phenyl-acetic
acid cyclopentyl ester

O/O\LK\E ~ : NO,

To a solution of phenylglycine cyclopentyl ester tosic acid
salt (3.08 g, 7.8 mmol) 1n DCE (120 ml) was added 3-ni-
trobenzaldehyde (1.01 g, 6.7 mmol) then sodium triacetoxy-
borohydride (3.03 g). The mixture was stirred for 3.5 h, then
quenched by addition of saturated sodium bicarbonate solu-
tion (200 ml). Product was extracted with DCM (250 ml) and
the organic extract was dried (MgSQ,). The product was
carried forward without further purification.

Stage 2: (S)-[(3-nitro-benzyl )tert-butoxycarbonyl-
amino|-phenyl-acetic acid cyclopentyl ester

)
\%

Y
I

{

To the crude mixture of (S)-[(3-nitro-benzyl)-amino]-phe-
nyl-acetic acid cyclopentyl ester in DCM (50 ml) was added
di-ter-butyl dicarbonate (3.38 g, 15.6 mmol). The mixture
was heated at 50° C. overnight, then cooled to rt. N,IN,N'-
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trimethylethylene diamine (2 ml) was then added and the
mixture stirred for 2 h. The mixture was then poured into ethyl
acetate (150 ml) and washed with 1M HCI (3 times 50 ml),
dried (MgSQO,) and concentrated to yield the desired product
as a colourless o1l (1.509 g, 42% vield). LCMS purity 98%,
m/z 477 (M+Na*). "H NMR (300 MHz, d6-DMSOQ), §: 7.97
(1H, dd, J=2.1, 9 Hz), 7.15-7.45 (8H, m), 5.60-6.00 (1H, m),
5.20-5.35(1H, m), 4.65-4.82 (1H, m), 4.21 (1H, d, J=16 Hz),
1.30-1.95 (17H, m)

Stage 3: (S)-[(3-Amino-benzyl)tert-butoxycarbonyl-
amino]-phenyl-acetic acid cyclopentyl ester

S
S
O ?/\\NHz
N
T T 11T

To a solution of (S)-[(3-nitro-benzyl)-tert-butoxycarbonyl-
amino|-phenyl-acetic acid cyclopentyl ester (1.509 g, 3.32
mmol) in ethanol (10 ml) was added palladium on carbon
(10%, 0.38 g, 0.36 mmol). The flask was evacuated and back-
filled with hydrogen gas. The mixture was stirred overnight,
then filtered through Celite, washed with ethanol (130 ml)
and then concentrated to yield the desire product as a colour-
less 0il (1.351 g, 96% vyield). "H NMR (300 MHz, CDCl,),
0:7.19-7.42 (5H, m), 6.97 (1H, t, J=7.5 Hz), 6.46 (2H, dd,
J=8.1, 16.5Hz), 6.29 (1H, brs), 5.58 (1H, br s), 5.29 (1H, br
s),4.69 (1H, brs),4.00 (1H,d, J=15.9Hz),3.74 (1H, q, J=6.9
Hz), 3.51 (2H, br s), 1.20-2.00 (17H, m)

Stage 4: (S)-[tert-Butoxycarbonyl-(3-{[2-(1-isobu-

toxy-ethoxycarbamoyl)-benzo[b]-thiophen-6-ylm-

ethyl]-amino }-benzyl)-amino]-phenyl-acetic acid
cyclopentyl ester

7T

/\ \ N—O
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To  (S)-[(3-Amino-benzyl)tert-butoxycarbonyl-amino]-
phenyl-acetic acid cyclopentyl ester (0.317 g, 0.75 mmol)
was added 6-Formyl-benzo[b]|thiophene-2-carboxylic acid
(1-1sobutoxy-ethoxy)-amide (Scheme 7) (0.210 g, 0.65
mmol) in DCE (8 ml). 2 drops of glacial acetic acid were
added, and then sodium triacetoxyborohydride (0.170 g, 0.8
mmol). The mixture was stirred for 2 h and then poured 1nto
DCM (150 ml). The solution was washed with saturated
sodium bicarbonate (50 ml), then dried (MgSQO, ), concen-
trated and purified by tlash column chromatography to yield
the desired product as a pale yellow foam (0.346 g, 73%
yield). 'H NMR (300 MHz, CDC,), §: 8.35-8.43 (1H, m),
7.56-8.05 (2H, m), 7.01-7.41 (8H, m), 6.90-7.01 (1H, m),
6.42 (1H, dd, 1=2.6, 7.9 Hz), 5.25-5.31 (1H, m), 5.12 (1H, q,
J=5.2 Hz), 4.40 (1H, d, ] 5.4 Hz), 4.00 (1H, dd, J=3.1, 13.8
Hz), 3.60-3.70 (1H, m), 3.35-3.40 (1H, m), 1.33-1.94 (21H,
m), 0.98 (3H, d, J=6.6 Hz), 0.97 (3H, d, J=6.6 Hz)

Stage 5: (S)-{3-[(2-Hydroxycarbamoyl-benzo[b]
thiophen-6-ylmethyl)-amino]-benzyl-amino }-phe-
nyl-acetic acid cyclopentyl ester (130)

130

SReAts

To a solution of (S)-[tert-Butoxycarbonyl-(3-{[2-(1-isobu-
toxy-ethoxycarbamoyl)-benzo[b|thiophen-6-ylmethyl]-
amino }-benzyl)-amino]-phenyl-acetic acid cyclopentyl ester
(0.100 g, 0.14 mmol) in DCM/MeOH (1 ml:1 ml) was added
TFA (8 ml). The solution was stirred for 2 h, then diluted with
DCM (200 ml). The solution was washed with saturated
sodium bicarbonate (100 ml). The solution was dried
(Na,SQO,), concentrated and purified by reverse phase HPLC
to yield the desired product (8.1 mg, 11% yield). LCMS
purity 98%, m/z 531 (M+H)* 300 MHz, DMSOQO, 6:1.26-1.85
(8H, m), 3.47 (2H, s), 4.21 (1H, s), 4.38 (2H, d, J 5.8 Hz),
5.02-5.07 (1H, m), 6.32 (1H, t,J 6.0 Hz), 6.45 (2H, d, I 7.9
Hz), 6.57 (1H, s), 6.97 (1H, t, ] 7.8 Hz), 7.23-7.35 (5H, m),
7.42 (1H, dd, 1 1.2, 8.3 Hz), 7.84 (1H, s), 7.87 (1H, s), 7.93
(1H, s), 9.23 (1H, brs), 11.4 (1H, br s)

The following compounds were prepared according to the
procedures described for compound (130)

(S)-{3-[(2-Hydroxycarbamoyl-benzo[b Jthiophen-6-
ylmethyl)-amino]-benzylamino } -cyclohexyl-acetic
acid cyclopentyl ester (131)

LCMS purity>98%, m/z 536.25 (M+H)*, "H NMR (300
MHz, d6-DMSO), &: 0.7-1.25 (8H, m), 1.50-1.95 (14H, m),
3.69 (1H, br s), 3.98 (2H, br s), 4.43 (2H, brs), 5.14 (1H, 1, J
5.4 Hz), 6.60-6.71 (2H, m), 7.05-7.28 (3H, m), 7.43 (1H, d, J
8.5 Hz), 7.83-7.98 (2H, m), 9.25 (1H, br s), 11.45 (1H, br s)

(S)-3-tert-Butoxy-2-{3-[(2-hydroxycarbamoyl-benzo
[b]thiophen-6-ylmethyl)-amino]-benzylamino }-pro-
pionic acid cyclopentyl ester (132)

LCMS purity>98%, m/z 540.25 (M+H)*, 'H NMR (300
MHz, d6-DMSO), §: 1.05 (9H, s), 1.50-1.78 (8, m), 3.15-
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3.67 (5H, m), 4.38 (21, d, J 5.8 Hz), 5.05-5.15 (1H, m), 6.31
(1H, 1,1 5.9 Hz), 6.40-6.48 (2H, m), 6.56 (1H, s), 6.96 (1H, t,
17.8 Hz), 7.42 (1H, d, ] 8.2 Hz), 7.87 (1H, s), 7.93 (1H, s),
0.24 (1H, br s), 11.43 (1H, br s)

(S)-2-{3-[(2-Hydroxycarbamoyl-benzo[b]thiophen-
6-ylmethyl)-amino]-benzylamino } -4-methyl-pen-
tanoic acid cyclopentyl ester (133)

LCMS purity 98%, m/z 510.25 (M+H)*, 'H NMR (300
MHz, d6-DMSO), 8: 0.87 (6H, d, J 6.4 Hz), 1.50-1.94 (10H,
m), 3.57-4.20 (3H, m), 4.44 (2H, s), 5.20 (1H, t, J 5.8 Hz),
6.58-6.74 (3H, m), 7.11 (1H, t, J 7.7 Hz), 7.43 (1H, d J 8.3
Hz), 7.85-7.96 (3H, m), 9.38 (2H, br s), 11.46 (1H, br s)

(S)-3-tert-Butoxy-2-{4-[(2-hydroxycarbamoyl-benzo
[b]thiophen-6-ylmethyl)-amino]-benzylamino }-pro-
pionic acid cyclopentyl ester (134)

LCMS purity 98%, m/z 540.25 M+H)*, 'H NMR (300
MHz, d4-MeOD), o: 7.64-7.77 (2H, m), 7.28 (1H, d, J=7.2
Hz), 6.99 (2H, d, J=6.6 Hz), 6.53 (2H, d, J=6.6 Hz), 5.06-5.08
(1H, m), 4.35 (2H, s), 3.40-3.75 (5H, m), 1.50-1.82 (8H, m),
1.04 (9H, s)

Measurement of Biological Activities

Histone Deacetylase Activity

The ability of compounds to inhibit histone deacetylase
activities was measured using the commercially available
HDAC fluorescent activity assay from Biomol. In briet, the
Fluor de Lys™ substrate, a lysine with an epsilon-amino
acetylation, 1s incubated with the source of histone deacety-
lase activity (HelLa nuclear extract) in the presence or absence
of inhibitor. Deacetylation of the substrate sensitises the sub-
strate to Fluor de Lys™ developer, which generates a fluoro-
phore. Thus, incubation of the substrate with a source of
HDAC activity results in an increase in signal that 1s dimin-
ished 1n the presence of an HDAC inhibitor.

Data are expressed as a percentage of the control, measured
in the absence of inhibitor, with background signal being
subtracted from all samples, as follows:

% activity=((S"-B)/(S°-B))x100

where S' is the signal in the presence of substrate, enzyme
and inhibitor, S° 1s the signal in the presence of substrate,
enzyme and the vehicle in which the mhibitor 1s dissolved,
and B 1s the background signal measured in the absence of
enzyme.

IC30 values were determined by non-linear regression
analysis, after fitting the results of eight data points to the
equation for sigmoidal dose response with variable slope (%
activity against log concentration of compound), using
Graphpad Prism software.

Histone deacetylase activity from crude nuclear extract
derived from HelLa cells was used for screening. The prepa-
ration, purchased from 4C (Senetie, Belgium), was prepared
from Hela cells harvested whilst in exponential growth
phase. The nuclear extract 1s prepared according to Dignam J
D 1983 Nucl. Acid. Res. 11, 1475-1489, snap frozen in liquid
nitrogen and stored at —80° C. The final buifer composition
was 20 mM Hepes, 100 mM KCl1, 0.2 mM EDTA, 0.5 mM
DTT, 0.2 mM PMSF and 20% (v/v) glycerol.

IC30 results were allocated to one of 3 ranges as follows:

Range A: 1C50<100 nM,

Range B: IC50 from 101 nM to 1000 nM;

Range C: 1C50>1001 nM.

NT=Not tested
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Results of testing the compounds of the examples in this
assay are given 1n the second column of Table 2 below.

Cell Inhibition Assays

The corresponding cancer cell lines (Hela, U937 and HUT)
growing in log phase were harvested and seeded at 1000
cells/well (200 ul final volume) 1mnto 96-well tissue culture
plates. Following 24 h of cell growth cells were treated with
compounds (final concentration of 20 uM). Plates were then
re-incubated for a further 72 h before a sulphorhodamine B
(SRB) cell viability assay was conducted according to Ske-
han 1990 J Natl Canc Inst 82, 1107-1112.

Data were expressed as a percentage inhibition of the con-
trol, measured 1n the absence of inhibitor, as follows:

% inhibition=100-((S"/S%)x100)

where S’ is the signal in the presence of inhibitor and S° is
the signal 1n the presence of DMSOQO.

IC50 values were determined by non-linear regression
analysis, after fitting the results of eight data points to the
equation for sigmoidal dose response with variable slope (%
activity against log concentration of compound), using
Graphpad Prism software.

IC50 results were allocated to one of 3 ranges as follows:

Range A: 1C50<330 nM.,

Range B: IC50 from 330 nM to 3300 nM;

Range C: 1C50>3301 nM.

NT=Not tested

Results of testing the compounds of the examples 1n this
assay are given in the third-fifth columns of Table 2 below.

TABLE 2
Example HDAC
No. Activity Hela U937 HUT
1 B C B B
2 B C B B
3 C C B C
4 B C C C
5 B B B B
6 A C C C
7 B C B B
8 B C C C
9 B B B B
10 A C C C
11 B B B B
12 B C C C
13 B C B B
14 B C C C
15 C C B B
16 C C C C
17 B C B B
18 B C C C
19 B B B B
20 B B A B
21 B C C C
22 B B B B
23 B C C C
24 B C C B
25 B C C C
26 A B B B
27 B C NT NT
28 B B B B
29 B B B B
30 B C NT NT
31 B B A B
32 A B NT B
33 B C NT NT
34 B B A B
35 B B B B
36 A B A B
37 B C C C
38 B NT NT NT
39 B NT A B
40 C C C C
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No.

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
)
83
84
85
86
87
88
89
90
01
92
03
04
05
06
97
08
99

100

101

102

103

104

105

106

107

108

A S S S S S SN S
-] oA P b — O D

TABL.

HDAC
Activity

e W OO W 0RO We W @ @O0 OROROORE OO

Z,
—]

—lveiliveliveliveiveli- i S v

186
H 2-continued
Hela o937
C C
B B
C C
C B
C NT
C B
C B
C B
C NT
C B
C B
C NT
C C
C NT
C C
C C
C NT
B B
C NT
B B
C NT
C C
NT NT
B NT
C NT
C C
C NT
C B
B NT
C NT
B A
NT NT
B A
NT NT
B A
NT NT
B A
NT NT
NT C
NT NT
C C
NT NT
B B
NT NT
C A
C A
NT NT
B A
C A
NT NT
C B
B B
NT NT
NT B
NT NT
C B
NT NT
B B
NT NT
C B
NT NT
C B
NT NT
B A
NT NT
B A
NT NT
B B
B A
B A
A A
NT NT
B B
NT NT
B B
C B
NT NT

HUT

vell@ N RE

NT

NT
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TABLE 2-continued
Example HDAC

No. Activity Hela U937 HUT
118 A A A A
119 A NT NT NT
120 A NT A A
121 A NT NT NT
122 A B A B
123 A NT NT NT
124 B B A B
125 A NT NT NT
126 B NT A C
127 B NT NT NT
128 B B A A
129 B NT NT NT
130 C C B C
131 C C B C
132 B C B B
133 B B B C
134 B NT B C

Broken Cell Carboxyesterase Assay

Preparation of Cell Extract
U937 or Hctl16 tumour cells (~10” were washed in 4

volumes of Dulbeccos PBS (~1 liter) and pelleted at 160 g for
10mins at 4 C. This was repeated twice and the final cell pellet

was then resuspended 1n 35 ml of cold homogenising buiier
(Trizma 10 mM, NaCl 130 mM, CaCl, 0.5 mM PH 7.0) at 25°
C. Homogenates were prepared by nitrogen cavitation (700
ps1 for S0 min at 4° C.). The homogenate was kept on 1ce and
supplemented with a cocktail of inhibitors designed to give
final concentrations of

Leupeptin 1 uM

Aprotinin 0.1 uM

E64 8 uM
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Pepstatin 1.5 uM

Bestatin 162 uM

Chymostatin 33 uM

After clarification of the cell homogenate by centrifugation
at 360 rpm for 10 min, the resulting supernatant was used as
a source of esterase activity and could be stored at —80° C.
until required.

Measurement of Ester Cleavage

Hydrolysis of ester to the corresponding carboxylic acid
can be measured using this cell extract. To this effect cell
extract (~30 ug/total assay volume 01 0.5 ml) was incubated at
37° C.1naTris-HC1 25 mM, 125 mM NaCl, buffer, PH 7.5 at
25° C. At zero time the relevant ester (substrate), at a final
concentration of 2.5 uM was then added and samples 1ncu-
bated at 37° C. for the appropnate time (Usually zero or 80
minutes). Reactions were stopped by the addition of 3x vol-
umes of Acetonitrile. For zero time samples the acetonitrile
was added prior to the ester compound. After centrifugation at
12000 g for 5 minutes, samples were analysed for the parent
ester and its corresponding carboxylic acid at room tempera-
ture by LCMS (Sciex API 3000, HP1100 binary pump, CTC
PAL). Chromatographic conditions used were based on an
AceCN (75*%2.1 mm) column and a mobile phase of 5-95%

acetonitrile 1n water/0.1% formic acid.

The invention claimed 1s:

1. A compound (S)-[4-(7-Hydroxycarbamoyl-heptanoy-
lamino)-benzylamino]-phenyl-acetic acid cyclopentyl ester
or a salt or N-oxide thereof.

2. A pharmaceutical composition comprising the com-
pound as claimed in claim 1 together with a pharmaceutically
acceptable carrier.
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